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AQ-AD
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P
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REMT
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3 Introduction

3.1 Overarching research question

The research presented in this doctorate dissertation investigates the role of the
neurohypophyseal hormone oxytocin in patients suffering from craniopharyngioma (CP). We
aimed to answer the following questions: Do craniopharyngioma patients show a measurable
oxytocin-deficiency? If yes, does this account for psychosocial dysfunction observed in this
patient group? Finally, are there other not-yet described oxytocin-related deficits observable

in craniopharyngioma patients that in turn might inform new treatment targets?

3.2 Craniopharyngioma

With an overall incidence of 0.5 to 2 cases per million person years', craniopharyngiomas are
rare intracranial tumours of the sellar and parasellar region (see Figure 1). Age at initial
diagnosis shows a bimodal distribution, with one peak in childhood (age 5-14 years) and one
in later life (age 50-74 years)'. Two distinct histological types of craniopharyngioma are
recognized. Paediatric cases typically show the adamantinomatous type which likely
originates from dysontogenic embryonic tissue of the craniopharyngeal duct, and presents
with cyst formations and calcifications easily visible on neuroimaging. More prevalent in
adults, on the other hand, is the papillary craniopharyngioma, which instead of deriving from
embryonic tissue likely develops through metaplasia of adenohypophyseal cells, and rarely
shows calcifications®. Though only of low-grade malignancy (WHO 1°) with 10 year survival
rates being as high as 85%", CP is associated with a critical degree of morbidity. This is due
to their strategic location and unusually invasive growth behaviour. Growing aggressively
along the pituitary stalk, only 3-6% of CP cases are restricted to intrasellar tissue and the
pituitary region®. Instead, in most cases damage extends to surrounding tissue including the
optic nerve, hypothalamic nuclei and the third ventricle® ®. As a result, patients at diagnosis
typically suffer from headache, visual disturbance, raised intracranial pressure, and varying
degrees of endocrine dysfunction, including polydipsia, polyuria, and, in pediatric cases,
growth retardation’. Long-term sequelae include chronic pituitary insufﬁciencyg, persistent
visual field defects’, and disabling hypothalamic dysfunction, with the latter leading to
symptoms such as hypothalamic obesity, heightened psychopathology, cognitive problems,
disruption of the circadian rhythm and severe homeostatic imbalances including diabetes
insipidus® * '*'*. As a consequence of this high tumour-related morbidity®, CP patients often

suffer from reduced quality of life and increased long-term mortality rates.
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Figure 1 On the left: anatomical sketch of sellar region and the respective structures potentially

affected by CP (adapted from Miiller et al"); on the right: sagittal T1-MRI of a case example with

papillary craniopharyngioma'®.

Even after satisfactory initial tumour removal, CP is therefore best characterised as a

frequently chronic disease requiring continuous clinical management”.

3.3 Endocrine sequelae of craniopharyngioma

In order to minimize resection of vital tissue while reducing the comparatively high tumour

recurrence rates over time (17-45%)'’, initial treatment focuses on complete surgical

resection, usually combined with radiotherapy’. Long-term endocrinological care then

focuses on the functionality of the impacted endocrine axes (for an overview of physiological

pituitary function, see Figure 2). Depending on tumour growth and extent of treatment-

associated lesions, craniopharyngioma patients present with a multitude of endocrine

insufficiencies. Ten years after initial diagnosis, almost all patients (98%) show chronic

insufficiency of at least one endocrine axis

14
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gonadotropic, adrenocorticotropic, thyroid-stimulating and antidiuretic hormone ranging at
88%, 90%, 86%, 80% and 65%, respectively5 . According to the current German S1-
guidelines of the Association for Pediatric Oncology and Hematology'®, the diagnostic work-
up for detecting endocrine insufficiencies in craniopharyngioma patients therefore includes
extensive laboratory testing for almost all of the potentially affected pituitary axes. Crucially,
however, this work-up does not include the neurohypophyseal hormone oxytocin. This
omission is remarkable since oxytocin is produced in the same brain regions (hypothalamic
nuclei) and released into the blood stream from the same pituitary area (posterior pituitary
gland) as the anti-diuretic hormone (ADH)"**?°. Given that ADH-insufficiency is a prevalent
feature in craniopharyngioma patients with 30-65% requiring life-long treatment for central

5; 10521

diabetes insipidus , it is likely that oxytocin is affected, too.
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Figure 2 Overview of endocrine pituitary axes. Anteriorally released hormones include
adrenocorticotropic hormone (ACTH), thyroid-stimulating hormone (TSH), gonadotropic hormones
(FSH/LH), somatotropic growth hormone (GH), melanocyte-stimulating hormone (MSH, not shown)
and prolactin. Posterior hormones include anti-diuretic hormone (ADH) and oxytocin. As key relay
station between the central nervous system and peripheral organs, the pituitary gland affects all major

aspects of vital homeostatic function®.
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3.4 The case for a clinically relevant oxytocin-deficiency in
craniopharyngioma

The specific anatomical features of CP growth and the observed endocrine sequelae strongly
suggest that CP patients should show to some degree an impairment of the oxytocin-axis.

Why would this be clinically relevant?

Oxytocin is a cyclic nonapeptide with an overall molar mass of 1007.19 g/mol (for a CPK
model, see Figure 3). It is mainly produced by magno- and parvocellular neurons found in the
supraoptic (SON), paraventricular (PVN) and accessory nuclei (AN) of the hypothalamus,
functioning both as a peptide hormone in various peripheral tissues and as a neuropeptide

directly within the brain'>**°.

Originally thought to affect uterine contraction and lactation only>, the scientific appraisal of
oxytocin has changed drastically over recent years. In addition to their well-known pituitary
projections, oxytonergic magnocellular neurons connect via long-range projections directly to
other brain regions (including the amygdala, septum, nucleus accumbens and
hippocampus)**, providing the basis for oxytocin to directly influence the neural circuits of
complex social behaviour®. For example, oxytocin was shown to influence body weight by
modulating energy metabolism and insulin sensitivity as well as eating behaviour” *'. It
appears to reduce addiction vulnerability through interacting with the dopamine-reward
system and hampering psychological withdrawal symptoms®® *. It was found to affect sexual
reproduction by influencing physical orgasm function and changing pair bonding
behaviour’®. Furthermore, regarding complex psychosocial cognition, studies have now
repeatedly demonstrated oxytocin-effects on cooperation and altruism®', empathy’>, emotion
processing®, and fear appraisal’® *>. This particular role in psychosocial cognitive processes
has led to clinical research identifying oxytocin as a relevant factor in the pathology of

C . . . . .36 37
several psychiatric disorders including depression™ 7,

38; 39 33; 40 .
’ > "7 and borderline

anxiety , autism spectrum disorder
personality disorder’'. Thus, oxytocin is not anymore
thought to only act peripherally on reproductive organs but

instead to function as a neuromodulator, driving

behavioural changes by influencing neuroplasticity for the
Figure 3 CPK model of oxytocin ~ underlying cognitive processes, doing so both during

molecule C43HeeN1201,S, development as well as in adulthood**.
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These somatic and psychosocial effects of oxytocin are likely to be specifically relevant in
craniopharyngioma. A study in childhood-onset craniopharyngioma has found patients to
show pathological eating behaviour®’, a finding that agrees well with the above described

26; 27

influence of oxytocin on body weight , and that becomes particularly relevant when

considering the high prevalence of treatment-resistant obesity (39-56%) in CP patients> .
Regarding psychosocial morbidity, adult CP patients show heightened levels of depression,
anxiety and harm avoidance - importantly, with scores being higher than in patient control
groups™ *. Furthermore, studies in paediatric CP patients revealed psychosocial dysfunction
including social withdrawal in school, anxiety, depression, as well as aggressiveness,

#:4 1n addition, tentative direct evidence

irritability, impulsivity and emotional outbursts
comes from a case study which administered intranasal oxytocin over several weeks to a
paediatric patient with positive effects on socialization and interaction with her family*’.
Studies in the general population have proven psychological morbidity to present a
substantial long-term burden directly increasing mortality, with median years of potential life
lost to be estimated around 10 years™. In craniopharyngioma, this becomes even more
relevant when considering the specific age distribution of CP incidence: About half of
patients are diagnosed in childhood', meaning that potential psychosocial deficits fall into a
particularly crucial time of the young patients’ development. Correspondingly, patients with

childhood-onset show greater long-term psychiatric morbidity than adult-onset patients'’,

despite tumour growth and recurrence rates being similar at both age peaks’.

Taken together, the case for a clinically relevant oxytocin-deficiency in CP patients is thus
based on two observations. First, the specific anatomical features of CP growth pattern and
their extensive endocrine sequelae including the high prevalence of diabetes insipidus
strongly suggest that CP patients should show some degree of impairment of the oxytocin-
axis. Second, while the underlying causes for psychosocial deficits in craniopharyngioma
patients are likely to be multifactorial, the oxytocin-effects identified over the last decades of

research might represent a promising target for new treatment strategies in this disease entity.
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3.5 The rationale for publication 1

The research conducted for publication 1 aimed to address two questions: first, whether CP
patients would indeed show an oxytocin-deficiency; second, whether differences in self-
reported levels of depression, anxiety and empathy could be explained by patients’ oxytocin

levels.

At the time of study design, there had not been any research measuring oxytocin levels in CP
patients. There was also no data directly linking any of the clinical symptoms of this patient
group with the functionality of the oxytocin axis. In order to reach a sufficiently large patient
sample for this rare disease entity, we set up a multi-centred study between the Ludwig-
Maximilians-Universitdt Munich (LMU) and Max-Planck-Institute of Psychiatry Munich
(MPI-P) enabling recruitment from both outpatient clinics. Regarding measuring oxytocin-
levels, we decided to use a paradigm that would not only assess baseline levels but also
provide a reliable stimulation condition. We deemed this to be crucial for the following
reasons: first, oxytocin has a relatively short half-life, ranging between 3-9 minutes*’. Thus,
measuring oxytocin directly after stimulation is likely to de-mask a latent oxytocin-deficiency
more reliably. Second, measuring after stimulation does not only have methodological
advantages but instead might in itself be more representative of the physiological functioning
of the oxytocin system. Research has shown that oxytocin is released momentarily in
response to external or internal cues, especially stress, touch, sexual stimulation or emotion

*03% It might be exactly this additional release driving its effects on psychosocial

processing
functions. Third, recent data from other neuroscientific areas highlight the need to
differentiate between baseline and stimulus-driven oxytocin-effects: Structural MRI-data in
healthy people revealed opposite effects of a single dose versus repeated administration of
oxytocin on grey matter volume in hippocampal areas™. And a study combining functional
MRI-data in humans and neurochemical data in animals recently found that distinct
neurobiological mechanisms are activated after acute in comparison to repeated oxytocin

administration™®. Distinguishing between baseline and stimulated levels thus becomes a

crucial methodological feature.

Regarding the stimulation method itself, it had previously been established that physical
exercise stimulates oxytocin release with similar reliability as sexual activity and breast
feeding (Regensburg Oxytocin Challenge)™. Since we were looking to use a paradigm that
could easily be applied in future hospital routines, we decided to use a bicycle ergometer

normally utilized for cardiological assessments. Regarding the sampling of oxytocin, we
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chose to collect oxytocin from saliva. This presents a method previously validated to detect
short-term oxytocin changes in response to stimulation® >* °” **_ It further presents a non-
invasive measure easily undertaken in future clinical routine. Most importantly however,
though the underlying mechanisms are still unclear, central and peripheral oxytocin-levels
have repeatedly been shown to be tightly connected™® " **'. One recent study, which
applied the same salivary sampling technique and whose samples were measured via the
exact same oxytocin-assay in the same laboratory as our own samples, reported that
endogenous oxytocin levels in saliva correlated strongly with endogenous levels in cerebral
spinal fluid, and did so even more than serum oxytocin levels with cerebral spinal fluid®.
Regarding the preparation and measurement of oxytocin samples, we commissioned a
radioimmunoassay provided by Riagnosis© (Munich, Germany). This assay had been

validated in both animal and human studies®” >*

, showing a detection limit of 0.1pug per
sample, a crossreactivity with related peptides of less than 0.7% and interassay variabilities
of less than 10% (official data from the assay provider). Importantly, it utilizes lyophilization
to extract interfering factors before assaying. A recent methodological review has found this
extraction process to be crucial for immunoassays in order to yield measurements consistent
with bioassays, as they would otherwise “generate impossibly high and wholly erroneous

2964

measurements”™ . Moreover, all collected samples were extracted and assayed in the same

batch at the same time to eliminate interassay variability between samples.

In addition to oxytocin samples, we also assessed the extent of structural pituitary and
hypothalamic lesions for each patient by examining their most recent MRI-data acquired

during previous routine check-up appointments.

Regarding the selection of relevant psychosocial functions, we first wanted to gain qualitative
data to better inform our study design. To this end, we conducted 6 semi-structured patient
interviews in addition to the standard literature search. Collaborating with a qualitative
research scientist, we drafted a set of interview questions focussing on those functions that
we expected to be affected in oxytocin-deficiency, and exploring which of these patients
themselves found to be important. Interviews took place in the patients’ homes and lasted
about 45 min each. Based on the qualitative analysis of these data, we then decided to focus

on depression, anxiety and empathy for the first study.
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Our hypotheses for study 1 were as follows®:

1) Salivary oxytocin-levels at baseline were expected to be lower in patients compared to
healthy controls, and lower oxytocin levels were expected to be associated with greater

hypothalamic damage and with symptoms of diabetes insipidus.

2) We further expected patients to show a blunted oxytocin-response to stimulation (i.e.

physical exercise), further indicating an oxytocin-deficiency.

3) Third, we expected oxytocin-levels to account for a significant amount of variance of
affective dysfunction, with oxytocin-deficiency being linked to higher depression scores,

higher anxiety, and lower empathy on clinically established questionnaires.

3.6 The rationale for publication 2

The second study focused on the suspected link between oxytocin levels in
craniopharyngioma patients and social cognition. Social cognitive processes like facial
emotion recognition or judging the trustworthiness of another person depend on fast
automatic processing®. Oxytocin is suggested to be a key player in these cognitive functions,
likely influencing automatic processing by heightening the saliency of socially relevant

information over others®” 7 68

. We expected that CP patients would show deficits in
automatic social cognitive processes that previously had not been described in this patient
group. By identifying such differences, we hoped to gain relevant insight into the cognitive
mechanisms that influence the development and maintenance of psychosocial dysfunction in
craniopharyngioma patients, subsequently informing treatment approaches in the future.
Second, in addition to identifying new treatment targets, CP patients might also provide
important insight into our general understanding of the effects of oxytocin on social
cognition. Studies have typically focused either on healthy people or on patients whose
disorder is defined by the psychosocial deficit, such as autism spectrum disorder®”". In both
cases, the oxytocin system is assumed to be anatomically intact. Craniopharyngioma patients

potentially provide the other side of the same coin by being able to start from a lesion and

then assessing its effect on automatic cognitive function.

To address the question of a possible link between oxytocin levels in CP patients and social

cognition, we initiated the collaboration with the Social Neuroscience Research Group and
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the Clinic for Disorders of Social Interactions at the MPI-P in Munich. We designed a social
cognition paradigm that enabled us to link baseline and stimulated oxytocin-levels with real-
time psychosocial cognitive processing, including an eye-tracking paradigm recording

automatic gaze behaviour.

Our hypotheses for this second study were as follows’*:

1) As assessed with self-report questionnaires, craniopharyngioma patients were expected to
show higher autistic traits, lower theory of mind abilities and greater social anhedonia than

healthy controls.

2) Craniopharyngioma patients were expected to show lower accuracy rates when
recognising facial emotions than healthy controls, while general facial processing was

expected to be intact.

3) Craniopharyngioma patients were expected to show pathological gaze behaviour when
processing facial information. We further expected this gaze behaviour to be associated with

an oxytocin-deficiency as measured before in the first study.

3.7 Contribution of the candidate

The candidate designed the here-presented scientific study together with M.Auer and
A.Kopczak. In order to gain first insight as to whether and how patients subjectively noticed
symptoms that in theory would be linked with oxytocin, the candidate was in charge of
carrying out six semi-structured one-on-one interviews with patients of the participating
outpatient clinics. Moreover, the candidate assisted in physician-guided self-help groups. The
impact of endocrine insufficiency on quality of life was reported and analysed according to
qualitative methods of empirical research”.

Based on the gained qualitative data, the candidate then developed the research paradigm for
study 1 together with M.Auer and A.Kopczak. Together with A.Kopczak, the candidate also
approached the Social Neuroscience Research Group and the Clinic for Disorders of Social
Interactions at the MPI-P Munich in order to gain neuroscientific expertise for the design of

study 2. The candidate together with A.Kopczak wrote the application for ethical approval for
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all of the here-presented research as well as further studies currently being undertaken by the
collaborating groups.

The candidate contributed to the recruitment of participants and was in charge of collecting
the pre-existing radiological data used to grade lesion extent. The candidate also carried out
the actual testing including oxytocin sampling during testing sessions, as well as the
preparation of saliva samples after initial collection for further assaying, taking turns with
M.Auer and M.Stieg. The candidate also collected all of the data of the self-report
questionnaires.

The doctoral candidate carried out the full statistical analysis of publication 1. She also wrote
the manuscript of publication 1, with significant comments from M.Auer and A.Kopczak.
She led the peer-review-process during the submission to scientific journals. Given that the
initial idea of a potential oxytocin-deficit was also provided by M.Auer and this author was
also the main intellectual contributor to the oxytocin-measurement method, the first
authorship for publication 1 was shared between the doctoral candidate and M.Auer.
Regarding publication 2, the candidate wrote the draft of publication 2 jointly with M.Brandi,
with comments by M.Auer, A.Kopczak and L.Schilbach, and undertook the peer-review-
process for this publication jointly with M.Brandi. Since the specific methodological design
of this neuroscientific study, the data collection of automatic social cognition data, as well as
the statistical analysis of those data was undertaken by M.Brandi, the first-authorship for this

publication was not shared.

Finally, the doctoral candidate presented this work at several conferences. She provided a
poster presentation at the 60™ Deutscher Kongress fiir Endokrinologie 2017 in Wiirzburg and
gave two invited talks at the Annual YARE Meeting 2017 in Berlin and the Herbst-Sitzung
2017 AG Hypophyse und Hypophysentumore in Berlin.
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4 Summary

4.1 Summary in English

Craniopharyngiomas are rare intracranial tumours of the sellar and parasellar region. Due to
their growth pattern along the pituitary stalk, optic chiasm, hypothalamic regions and the
third ventricle, they are associated with a critical degree of morbidity”. This includes
permanent visual field defects, disruption of various endocrine pituitary axes and potentially

extensive hypothalamic dysfunction® ™

. In addition to surgical and radiological treatment,
routine patient care comprises the assessment and at times life-long substitution of almost all
affected pituitary axes except for the neuropeptide oxytocin75. This omission of oxytocin is
surprising since there are anatomical as well as clinical grounds to suspect a functionally
relevant oxytocin-deficiency in this patient group. First, craniopharyngiomas regularly result
in damage to anatomical sites pivotal for oxytocin production and release'” *°. Second, CP
patients exhibit clinical symptoms (e.g. depression, anxiety, social withdrawal in school,

43-46

aggressiveness and impulsivity” ") which agree well with complex psychoaffective

functions shown to be oxytocin-mediated in healthy people (e.g. cooperation and altruism’’,

empathy®”, emotion processing>, fear appraisal’* *°) and to modulate pathology in

psychiatric populations (including patients with depression®”*’, anxiety®® *

33; 40

, autism spectrum
disorder and borderline personality disorder’'). Furthermore, a single case study
administering intranasal oxytocin to a young girl with craniopharyngioma reported improved

socialization towards her family”’.

Based on this rationale, a multi-centre, prospective study in CP patients and healthy controls
was designed to answer the following questions:

(a) Do patients with craniopharyngioma show a measurable oxytocin-deficiency?

(b) Does oxytocin-deficiency account for psychosocial dysfunction previously observed in
this patient group?

(c) Drawing from well-documented oxytocin-effects in healthy people and psychiatric patient
groups, are there other not-yet described oxytocin-related deficits observable in patients with

craniopharyngioma that in turn might inform new treatment targets?

Akin to the assessment of other endocrine axes, we used a stimulation test to assess oxytocin
levels. Since at the time of study design, oxytocin had never been measured in

craniopharyngioma patients, we designed a new stimulation paradigm using exercise as
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stimulation trigger’>. Oxytocin was measured via salivary samples, collected from 23 patients
and 23 healthy controls both before and after exercising on a bicycle ergometer.

Standard self-report questionnaires were used for the assessment of depression, anxiety, and
empathy. The questionnaire selection was based on preparatory semi-structured patient

interviews specifically conducted to inform the design of the present study.

Results from study 1 showed that CP patients indeed exhibit an oxytocin-deficiency. This
was already measurable at baseline levels when hypothalamic damage was extensive. When
tumour lesions were limited to the pituitary region alone, an oxytocin-deficiency became de-
masked under stimulation conditions: Irrespective of hypothalamic damage, CP patients were
less able than healthy controls to release additional oxytocin under stimulation with exercise.

Regarding psychoaffective function, our results further underlined the dissociation between
baseline and stimulation measures. As expected, an oxytocin release-deficit was associated
with greater state anxiety levels. However, baseline measures behaved contrarily, with higher
oxytocin levels at baseline being associated with higher depression and trait anxiety scores.
Self-reported empathy levels failed to show an association with oxytocin levels in the present

study.

These results suggest the following conclusions: For one, the intracranial tumour
craniopharyngioma can affect all endocrine axes including the oxytocin-axis. Second,
patients differ in whether their oxytocin-deficiency affects short-term stimulus-triggered
release or also baseline levels. Third, this differentiation is important as the present results
suggest that it might affect psychopathology in CP patients differently. This finding ties in
well with other present research, with recent neurochemical evidence from human and animal
studies showing that distinct neurobiological mechanisms are activated after acute in
comparison to repeated oxytocin administration” >°,

Based on this, our findings have direct implications for future substitution paradigms in
craniopharyngioma, as it highlights the importance of controlling not only dosage but
specifically the timing of oxytocin substitution regimens. Furthermore, the present findings
provide an explanation for much-debated discrepancies in the literature, with previous studies
at times observing opposing effects of oxytocin on depression and anxiety in psychiatric
patient groups®” > 7*"® Thus, when aiming to treat psychoaffective dysfunction in CP
patients, oxytocin substitution should not be considered as a blanket treatment. Instead,
careful evaluation is warranted regarding substitution regimen and specific target symptom,

as oxytocin likely can have both positive and negative treatment effects on psychopathology
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in CP patients. Third, in addition to informing new treatment targets, the present results
suggest that CP patients might also provide important insight into our general understanding
of the effects of oxytocin on psychoaffective functions. Studies have typically focused either
on healthy people or on patients whose disorder is explicitly defined by their psychosocial
deficit, such as autism spectrum disorder®”". In both cases, the oxytocin system is assumed
to be anatomically intact. Craniopharyngioma patients potentially provide the other side of
the same coin by being able to start from a lesion and then assessing its effect on clinical

function.

In study 2, we investigated whether CP patients show other oxytocin-related deficits
previously not reported in this patient group. Social cognition, including automatic facial
emotion processing and theory of mind abilities, has been shown to be oxytocin-dependent
and potentially contribute to psychopathology in various psychiatric disorders including
autism spectrum disorder and major depression’® ™. The potential effects of oxytocin-
deficiency on psychosocial development are particularly relevant in craniopharyngioma. For
one, deficits in psychosocial behaviour have been reported to substantially impair quality of
life in CP patients'* 7*. Second, given that half of patients are diagnosed in childhood, deficits
in automatic social cognition would hit during a particularly vulnerable developmental phase,
i.e. during childhood and teenage years, presenting a potential mechanism for the

development and maintenance of psychosocial deficits in this patient group over time.

Based on the in study 1 detected oxytocin-deficiency in CP patients, we hypothesised patients
to exhibit deficits in different aspects of social cognition. First, to assess potential long-term
effects, we used questionnaires measuring social behavioural traits associated with social
disorders such as autism spectrum disorder®” ®. Second, given that a key aspect of social
cognition is fast processing and giving adequate, immediate reactions to another person’s
mental state, an interactive computer-based task was applied, this way potentially detecting
more direct effects on ongoing social cognitive processes. Adapted from cognitive
neuroscientific studies, the standardized task included an eye-tracking technology to assess
differences in automatic gaze behaviour while participants performed a facial emotion

recognition task.

The results of study 2 indeed revealed previously not reported deficits of social cognition. For
one, patients self-reported increased autistic traits and social anhedonia, with scores ranging

between healthy controls and the clinical cut-off for patients with autism spectrum disorder.
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Second, CP patients were less able to quickly recognize facial emotions in comparison to
healthy controls. Furthermore, participants who exhibited a lower responsiveness of their
oxytocin system (in response to exercise) were also less likely to change their gaze towards

socially informative regions of the viewed face.

These results suggest the following conclusions: behavioural traits as well as fast and
automatic processes that are crucial to social cognition can be impaired in CP patients.
Furthermore, these processes are linked to differences in dynamic oxytocin release. Taking
together that oxytocin has elsewhere been shown to be an important factor in psychosocial
development, that it has been suggested to directly modulate the course of psychopathology
in psychiatric disease, and considering the high number of pediatric-onset cases in CP,
targeting associated cognitive deficits with medical and behavioural therapy thus might

particularly improve long-term patient outcome™.

During data collection and write-up of the present research, several studies from other
research groups on oxytocin in CP patients reached publication. Investigating oxytocin-
associated obesity, a single case study reported sustained changes in eating behaviour as well
as reduction of BMI with continuous intranasal oxytocin administration®”. A clinical study in
childhood-onset craniopharyngioma patients reported oxytocin levels to be similar to healthy
controls, both before and after a standardized meal. Importantly, baseline oxytocin was
significantly lower only in a small subgroup of patients with anterior hypothalamic damage
(N=6)*. Looking at psychoaffective function, the same patient sample then showed an
improved ability to categorize negative emotions after receiving intranasal oxytocin®.
Finally, another study reported lower salivary oxytocin-levels at baseline and reduced
empathic abilities in patients with anterior hypopituitarism and diabetes insipidus, which

among other pituitary disease included 9 CP patients in their sample”.

The results of the here-presented thesis tie in well with these data. More importantly,
however, they directly pave the way for future research. When aiming to target other
oxytocin-associated comorbidities such as hypothalamic obesity with oxytocin, experimental
set-up needs to define whether substitution should aim to change long-term baseline levels or
instead be acute and stimulus-tied, for example by coinciding with meal intake during the
day. For future studies, the present thesis now also puts forward a feasible clinical stimulation

test that could be used to establish standardized oxytocin values for routine endocrine

28



assessment, both in craniopharyngioma as well as various pituitary disorders in the future. In
the present, this research paradigm has already been used to launch a social neuroscientific
study investigating oxytocin-effects in patients with autism spectrum disorder, with results

yet to come (Albantakis et al, not yet published).

While more research is needed to establish standardized values of oxytocin-levels as well as
define specific target symptoms for oxytocin-substitution, working towards incorporating
oxytocin-substitution in the future and tailoring it to the individual patient’s symptoms and
developmental needs will likely alleviate life-long disease burden and ultimately improve

quality of life.
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4.2 Zusammenfassung auf Deutsch

Kraniopharyngeome sind seltene intrakranielle Tumore der selldren und paraselldren Region.
Trotz geringer Malignitdt (WHO 1°) sind sie mit einem vergleichsweise hohen
Morbidititsgrad assoziiert’. Aufgrund ihres Wachstums entlang der Hypophyse bis zum
Chiasma opticum, Hypothalamus und dritten Ventrikel leiden Patienten héufig an
einschneidenden und chronischen Folgeerscheinungen’. Hierzu gehdren insbesondere
Gesichtsfelddefekte, Ausfall verschiedener hypophysdrer Hormonachsen und teilweise
ausgepriagte hypothalamische Dysfunktion mit Adipositas, psychopathologischen und
kognitiven Defiziten, Stérung des zirkadianen Rhythmus und schweren homdostatischen
Dysbalancen inklusive Diabetes insipidus neurohormonalis® * ',

Nach neurochirurgischer und zusétzlich meist strahlentherapeutischer Behandlung besteht die
langfristige endokrinologische Therapie aus Uberwachung und, falls notig, der lebenslangen
medikamentdsen Substitution der betroffenen Hormonachsen (S1-AWME-Leitlinie 2019)”.
Diese Substitutionsbehandlung wird fiir fast alle hypophyséren Hormonachsen durchgefiihrt,
mit Ausnahme des Neuropeptids Oxytocin. Die Oxytocin-Achse wird nicht untersucht,
obwohl es sowohl anatomische als auch klinische Hinweise fiir einen Oxytocin-Mangel in
Kraniopharyngeom-Patienten gibt. Die hier vorgestellte wissenschaftliche Arbeit nahm es
sich daher zum Ziel, die Mdglichkeit eines Oxytocin-Mangels in Kraniopharyngeom-
Patienten zu {berprifen und in Kontext mit psychoaffektiven Defiziten dieser

Patientengruppe zu setzen.

Die Hypothese beziiglich eines wahrscheinlichen Oxytocin-Defizits basiert auf zwei
Argumenten. Zum einen fiihrt das spezifische Wachstumsmuster von Kraniopharyngeomen
hiufig zu Lésionen, die anatomisch den Hauptarealen der Oxytocin-Produktion
(hypothalamische Nuclei SON, PVN, AN) und Ausschiittung (Neurohypophyse)

19; 2
entsprechen 9: 20

und somit bei Kraniopharyngeom-Patienten mitbetroffen sein sollten. Zum
anderen werden in dieser Patientengruppe hédufig psychoaffektive Defizite beobachtet, die mit
Funktionen iiberlappen, fiir die in anderen wissenschaftlichen Bereichen sowohl bei gesunden
als auch psychiatrischen Kohorten eine Oxytocin-Assoziation gezeigt werden konnte. So
wurden fiir Oxytocin modulierende Einfliisse auf Kognitionen wie Altruismus®', Empathie®,

34; 35

Emotionserkennung™ und Angstbewertung nachgewiesen sowie auch auf psychiatrische

Erkrankungen wie Depression®® *’, Angststérung®® *°, Autismus-Spektrum-Erkrankung®* *
und Personlichkeitsstorung vom Borderline-Typ*'. Diese Effekte spiegelnd weisen

Kraniopharyngeom-Patienten vermehrt Depression und Angststorungen,
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Vermeidungsverhalten, Aggressivitit und Impulsivitdt auf — insbesondere auch im Vergleich
zu Patientenkontrollgruppen®*°. Des Weiteren konnte eine Fallstudie mit einer padiatrischen
Kraniopharyngeom-Patientin zeigen, dass sich nach 22 Wochen intranasaler Oxytocin-
Substitution eine relevante und positive Anderung beziiglich Sozialisierungs- und

Affektverhalten abzeichnete®’.

Basierend auf dieser zweiteiligen Rationale wurde eine multi-zentrische, prospektive Studie

mit Patienten und gesunden Kontrollen konzipiert, die die folgenden Fragestellungen eruiert:
(a) Weisen Kraniopharyngeom-Patienten einen messbaren Oxytocin-Mangel auf?

(b) Léasst sich ein Teil der psychosozialen Defizite dieser Patientengruppe durch einen

Oxytocin-Mangel erkldren?

(c) Basierend auf bekannten Oxytocin-assoziierten Dysfunktionen in anderen psychiatrischen
Patientengrupppen, lassen sich bei Kraniopharyngeom-Patienten bisher nicht beschriebene
Defizite in sozialen Kognitionsprozessen aufdecken und damit potenziell neue

Therapieansitze definieren?

Zum Zeitpunkt des Studiendesigns dieser Dissertation gab es keine publizierten Daten zu
Oxytocin-Messungen in Kraniopharyngeom-Patienten. Es wurde daher ein Studienparadigma
entworfen, welches — angelehnt an die klinischen Funktionstests anderer Hormonachsen —
sowohl basale als auch stimulierte Hormonspiegel bestimmte. Auf der Basis fritherer Studien
mit gesunden Probanden wurde Sport als Oxytocin-Trigger genutzt’. Patienten absolvierten
eine standardisierte Sporteinheit auf einem Fahrrad-Ergometer. Von 23 Patienten und 23
gesunden Kontrollen wurden vor und nach Stimulation Speichelproben gesammelt. Um die
psychoaffektive Funktion zu messen, beantworteten Probanden standardisierte Fragebdgen,
die die Auspriagung von Depression, Angst und Empathiefahigkeit erhoben. Die Auswahl der
angewendeten Fragebogen beruhte zum einen auf den in der Literatur fiir
Kraniopharyngeom-Patienten beschriebenen psychoaffektiven Defiziten, zum anderen auf
sechs semi-strukturierten Patienteninterviews, die in Vorbereitung der hier présentierten

klinischen Studie durchgefiihrt wurden.

Als Hauptergebnis der Studie 1 konnte — die primdre Hypothese unterstiitzend -
nachgewiesen werden, dass Kraniopharyngeom-Patienten einen messbaren Oxytocin-Mangel
aufweisen. Wihrend Patienten mit geringer Lésionsausdehnung (limitiert auf die Hypophyse)

vor Stimulation noch Oxytocin-Spiegel vergleichbar mit der gesunden Kontrollgruppe
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zeigten, wiesen Patienten mit ausgedehnterer Lésion und insbesondere hypothalamischer
Beteiligung  bereits einen Mangel in den basalen Messwerten auf. Unter
Stimulationsbedingungen nach Sport wurde sichtbar, dass Kraniopharyngeom-Patienten auch
unabhéingig von der Lisionsausdehnung signifikant weniger Oxytocin ausschiitteten als

Gesunde.

Die zweite Hypothese, dass Oxytocin-Spiegel der Kraniopharyngeom-Patienten mit Defiziten
in psychoaffektiver Funktion assoziiert sind, wurde teilweise bestitigt. Wie erwartet war ein
Oxytocin-Mangel unter Stimulation mit erhdhter Angstlichkeit verbunden, insbesondere mit
situationsbedingter Zustandsangst (state anxiety). Interessanterweise ergaben die Messung
der basalen Oxytocin-Spiegel gegenldufige Ergebnisse, mit einer Assoziation zwischen
hoheren basalen Oxytocin-Spiegeln einerseits und séheren Scores beziiglich Depression und
Angstlichkeit (trait anxiety) andererseits. Fiir Empathiefihigkeit konnten in der aktuellen
Studie keine Unterschiede zwischen Patienten und Gesunden und auch keine Assoziation mit
Oxytocin-Spiegeln nachgewiesen werden.

Diese Parallele zwischen basalen Oxytocin-Spiegeln sowie Depression und Angstlichkeit auf
der einen Seite, und Stimulations-getriggerten Oxytocin-Spiegeln sowie situationsbedingter
Zustandsangst auf der anderen ist ein besonders interessantes Ergebnis. Es stellt eine
mogliche Erklarung fiir die sich teilweise diametral widersprechenden Studienergebnisse in
der Oxytocin-Forschung der vergangenen Jahre dar, in der sowohl negative als auch positive
Assoziationen zwischen Oxytocin-Spiegeln und Depression bzw. Angststorungen beobachtet
wurden®” % 778 Dies bedeutet fiir zukiinftige Studien, dass Oxytocin-Substitution zwar eine
mogliche Behandlungsoption fiir einen Teil der bestehenden psychoaffektiven Defizite bei
Kraniopharyngeom-Patienten darstellen konnte. Allerdings war dies in Bezug auf die hier
erhobenen Parameter nur im Bereich von situationsbedingter Zustandsangst der Fall.
Potenziell verstdrkende Effekte von Oxytocin-Substitution auf andere affektive
Dysfunktionen hingegen miissen engmaschig iiberwacht werden.

Eine dritte Schlussfolgerung aus Studie 1 besteht darin, dass Kraniopharyngeom-Patienten
aufgrund des hier beobachteten Oxytocin-Mangels zum generellen Verstindnis von Oxytocin
beitragen konnen. Studien haben bisher typischerweise entweder Gesunde untersucht oder
solche Patientengruppen, die sich durch funktionelle, Oxytocin-assoziierte Defizite ausweisen

(z. B. Autismus—Patienten)69'71

. In beiden Fillen geht man von einem anatomisch intakten
Oxytocin-System aus. Auf Grundlage der aktuellen Ergebnissen konnen Studien mit

Kraniopharyngeom-Patienten eine fiir die weitere Oxytocin-Forschung wertvolle Umkehrung
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der bisherigen Herangehensweise ermoglichen — ndmlich in zukiinftigen Studien von einer
anatomischen Lésion aus zu beginnen und dann die daraus resultierenden funktionellen

Konsequenzen zu definieren.

Basierend auf dem Nachweis eines Oxytocin-Mangels in Kraniopharyngeom-Patienten in
Studie 1 wurde in Studie 2 untersucht, ob Kraniopharyngeom-Patienten bisher nicht
beschriebene Oxytocin-assoziierte Defizite der sozialen Kognition aufweisen.

Im Bereich der Kognitionswissenschaften wurde wiederholt nachgewiesen, dass Oxytocin
neuronale Prozesse moduliert, die die entscheidende Fiahigkeit steuern, sich anhand
(nonverbaler) Signale in eine andere Personen hineinzuversetzen und deren Absichten korrekt
einzuschitzen (theory of mind abilities)’>”". Hierzu gehort auch der komplexe Prozess, mit
schnellen, reflexartigen Blickbewegungen ein gegeniiberstehendes Gesicht beziiglich dessen
Emotion zu scannen und richtig einzuordnen’’. Die klinische Relevanz von Defiziten in
diesen Prozessen wurde in Patientenkohorten mit Autismus-Spektrum-Erkrankung,
Personlichkeitsstérung vom Borderline-Typ und Major-Depression gezeigt’® %% %,
Inzwischen gibt es Hinweise darauf, dass derartige Verdnderungen nicht nur ein
diagnostisches Merkmal darstellen, sondern wahrscheinlich auch einen aktiven Anteil an der

Entwicklung und Aufrechterhaltung dieser Psychopathologien haben®” ®* *°

und Ansatzpunkt
fiir sowohl medikamentdse als auch spezifische verhaltenstherapeutische Malnahmen

bieten®®.

Mit Hinblick auf den in Studie 1 nachgewiesenen Oxytocin-Mangel bei Kraniopharyngeom-
Patienten erwarteten wir, dass diese Patientengruppe ebenfalls Defizite in sozialer Kognition
aufweisen wiirde und dass sich dies in Unterschieden beziiglich der automatischen
Verarbeitungsprozesse widerspiegeln wiirde. Hierzu wurden zum einen Fragebogen
angewendet, die Personlichkeitsmerkmale und Verhaltensweisen messen, welche mit sozialer
Interaktionsfihigkeit assoziiert sind®* . Zum anderen wurde ein interaktives, Computer-
basiertes Experiment erstellt, in dem Probanden in Echtzeit die Emotionen von auf dem
Bildschirm gezeigten Gesichtern einordnen mussten. Um Riickschliisse auf die
dahinterliegenden automatischen Prozesse zu ziehen, wurden gleichzeitig Augenbewegungen

und damit das jeweilige automatische Blickverhalten der Probanden aufgezeichnet.

Als Hauptergebnis der Studie 2 konnten tatsdchlich bisher nicht beschriebene Defizite der

sozialen Kognition von Kraniopharyngeom-Patienten nachgewiesen werden.
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Die Auswertung der Fragebogen ergab, dass Patienten im Vergleich zu gesunden Probanden
vermehrt Verhaltensweisen angaben, die sonst mit Erkrankungen des autistischen Spektrums

.. . 484:
assoziiert sind®* %

. Hierzu gehort eine Verminderung der sozialen Hedonie sowie der
Fahigkeit, die eigene Aufmerksamkeit auf einen neuen Stimulus zu lenken. Die Auswertung
der interaktiven Daten der Studie 2 ergab, dass Kraniopharyngeom-Patienten im Vergleich zu
Gesunden signifikant mehr Fehler beim schnellen Erkennen emotionaler Gesichtsausdriicke
machten. Die beziiglich des automatischen Blickverhaltens erhobenen Daten ergaben drittens,
dass eine verminderte Oxytocin-Ausschiittung unter Stimulationsbedingungen tatsichlich mit
atypischen Augenbewegungsmustern in der Verarbeitung von den Gesichtsausdriicken
verbunden war.

Zukiinftige Studien sollten nun untersuchen, wie die hier aufgedeckten Defizite beziiglich
unbewusster Prozesse der sozialen Kognition sich auf die langfristige psychosoziale
Entwicklung der Patienten auswirken. Die Halfte aller Kraniopharyngeome manifestieren
sich im Kindesalter. Die hier beobachteten Verdnderungen von sozialer Kognition treten
daher wahrscheinlich in einem fiir die psychosoziale Entwicklung besonders wichtigen

Zeitfenster auf und stellen damit moglicherweise einen treibenden Faktor auch fiir die

langfristige Aufrechterhaltung psychosozialer Defizite dar.

Wihrend der Datenerhebung und Manuskriptverfassung dieser Dissertation wurden mehrere
Oxytocin-Studien mit Kraniopharyngeom-Patienten von anderen Arbeitsgruppen publiziert.
Eine Einzelfallstudie eines pédiatrischen Kraniopharyngeom-Patienten mit hypothalamisch
bedingter Adipositas berichtete von anhaltenden Verdnderungen des Essverhaltens und eine
BMI-Reduktion nach langfristiger intranasaler Oxytocin-Substitution®’. Eine weitere
klinische Studie untersuchte basale Oxytocin-Spiegel vor und nach einer standardisierten
Mahlzeit. Zwar ergaben sich keine Verdnderungen durch Nahrungsaufnahme als
Stimulationsbedingung, doch konnten in einer Subgruppe der Patienten (N=6, mit Lédsionen
des anterioren Hypothalamus) verminderte basale Oxytocin-Spiegel nachgewiesen werden®.
Direkt nach Oxytocin-Substitution zeigten genau die Patienten mit basal vermindertem
Oxytocin eine Verbesserung der Féhigkeit, emotionale Gesichtsausdriicke richtig zu
erkennen®’. Eine weitere Studie mit Patienten unterschiedlicher hypophysérer Erkrankungen
(davon 9 Kraniopharyngeom-Patienten) konnte schlieBlich ebenfalls reduzierte basale
Oxytocin-Spiegel sowie verminderte empathische Fihigkeiten beobachten™.

Basierend auf einer groBBeren Fallzahl bestitigen die aktuellen Daten der hier vorgestellten

Dissertation diese ersten Hinweise auf einen Oxytocin-Mangel in Kraniopharyngeom-
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Patienten. Allerdings prizisieren sie das sich aktuell entwickelnde Verstédndnis entscheidend:
Die hier erstmalig in Patienten angewandte Stimulationsmethode liefert eine mogliche
Erklarung dafiir, warum in den vorherigen Studien teilweise nur in Subgruppen ein Oxytocin-
Mangel nachgewiesen werden konnte. Aktuell publizierte Daten aus anderen
neurowissenschaftlichen Fachbereichen bestitigen genau diese Notwendigkeit, zwischen
basaler und stimulierter Oxytocin-Ausschiittung zu unterscheiden. Eine MRT-Studie in
gesunden Probanden zeigte, dass einzelne Oxytocin-Gaben gegensitzliche Effekte auf das
Volumen von grauer Hirnsubstanz im Hippocampus hatten im Vergleich zu wiederholten
Oxytocin-Substitutionen”. Eine weitere Studie mit funktionellen MRT-Daten von
menschlichen Probanden sowie gleichzeitig erhobenen neurochemischen Daten aus Tier-
Experimenten konnte des Weiteren zeigen, dass situative und kontinuierliche Oxytocin-
Substitution unterschiedliche neuronale Pfade aktivierten und zu unterschiedlichen
Verhaltensweisen fiihrten®®. Diese Erkenntnisse diirfen in zukiinftigen Substitutions-Studien
bei Kraniopharyngeom-Patienten nicht unbeachtet bleiben. Beispielsweise sollte bei dem
Versuch, hypothalamisch bedingte Adipositas zu behandeln, kontrolliert werden, ob basale
Oxytocin-Spiegel das eigentliche Substitutionsziel darstellen oder ob die Verabreichung eher
Stimulus-gebunden  vorgenommen werden sollte, d.h. zeitlich assoziiert mit
Nahrungsaufnahme im Tagesverlauf. Basierend auf den hier erhobenen Daten sollte eine
dhnliche Differenzierung vorgenommen werden, wenn psychoaffektive Komorbiditdten der
Kraniopharyngeom-Patienten adressiert werden.

Fir derartige zukiinftige Studien aber auch fiir den klinischen Alltag bietet das in dieser
Dissertation erstmalig angewendete Paradigma einen vergleichsweise einfach durchfiihrbaren
Stimulationstest. Die hier begonnene Arbeit wird dazu Dbereits in einer
neurowissenschaftlichen Studie bei Patienten mit Autismus-Spektrum-Erkrankung

fortgesetzt, deren Ergebnisse aktuell noch ausstehen (Albantakis et al, not yet published).

Zusammenfassend ldsst sich festhalten: Kraniopharyngeom-Patienten wiesen in dem hier
vorgestellten Paradigma einen Oxytocin-Mangel auf. Ob nur stimulierte oder zusétzlich auch
basale Oxytocin-Spiegel betroffen waren, war abhéngig vom Ausmal} der Tumor-assoziierten
Liasion. Oxytocin-Mangel konnte des Weiteren teilweise mit psychoaffektiven Defiziten in
Verbindung gesetzt werden. Um langfristig das routineméBige Screening auf Oxytocin-
Mangel in den endokrinologischen Leitlinien zu verankern, sind vorerst weitere Studien

sowohl beziiglich der Definition von Oxytocin-Standardwerten als auch der weiteren
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Einengung der jeweiligen Zielsymptome notwendig. Dazu liefert die hier vorgestellte
wissenschaftliche Arbeit entscheidende Grundlagen. Insgesamt weisen die aktuellen
Ergebnisse daraufhin, dass zukiinftige Therapiestudien mit Oxytocin einen mal3geblichen
Beitrag dazu leisten konnten, den bei Kraniopharyngeom-Patienten verhdltnisméBig hohen
Leidensdruck und die manifesten Einschrinkungen der Lebensqualitit nachhaltig zu

verbessern.
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ARTICLE INFO ABSTRACT

Keywords: Despite the high prevalence of panhypopituitarism and diabetes insipidus in patients with craniopharyngioma
Hypothalamus (CP), little is known about the functioning of the neuropeptide oxytocin in these patients. This is of special
Cra“iol_’haryngioma interest as tumor-associated lesions often impair sites critical for oxytocin production and release, and affective
Oxy“’“f‘ dysfunction in CP links with elsewhere reported prosocial, antidepressant and anxiolytic oxytocin effects. Using
Ezz::;mn a prospective study-design, we tested whether oxytocin is reduced in CP-patients, and whether altered oxytocin
Empathy levels account for affective and emotional dysfunction. 26 adult CP-patients and 26 healthy controls matched in

sex and age underwent physical exercise, a stimulus previously shown to induce oxytocin release. Baseline and
stimulated salivary oxytocin levels, as well as empathy, depression and anxiety scores were measured. Results
showed that patients overall did not present with lower baseline oxytocin levels than controls (F[1,30] = 0.21,
p = 0.649), but baseline oxytocin levels were indeed reduced in patients with hypothalamic damage, as assessed
by MRI-based grading (F[2,9.79] = 4.54, p = 0.040). In response to exercise-induced stimulation, all CP-pa-
tients showed a blunted oxytocin-release compared to controls (F[1,30] = 9.36, p = 0.005). DI was not asso-
ciated with oxytocin levels. Regarding affective function, unexpectedly, higher baseline oxytocin was related to
higher trait anxiety (b = 2.885, t(43) = 2.421, p = 0.020, CI[.478; 5.292]); the positive link with higher de-
pression failed to reach statistical significance (b = 1.928, t(43) = 1.949, p = 0.058, CI[—-0.070; 3.927]). A
blunted oxytocin-release was linked with higher state anxiety (b = —0.133, t(43) = —2.797, p = 0.008, CI
[-0.230; —0.037]). Empathy was not associated with oxytocin measures. In conclusion, we observed reduced
baseline oxytocin levels only in CP-patients with hypothalamic damage. Exercise-induced stimulation de-masked
an oxytocin-deficiency in all CP-patients. Baseline oxytocin levels and stimulated OT-responses might have
different effects on affective function, which should be considered in future substitution paradigms.

extensions, putting basally-located hypothalamic nuclei at risk
(Karavitaki et al., 2005), commonly resulting in hypothalamic dys-

1. Introduction

Craniopharyngiomas (CP) are rare epithelial tumors arising along
the path of the craniopharyngeal duct with an overall incidence of 0.13
cases per 100,000 person-years (Bunin et al., 1998). Though histolo-
gically benign, they are associated with a high degree of morbidity. This
is due to their disadvantageous location, growth pattern, and the con-
sequences of their surgical and radiotherapeutical treatment. Up to 85%
of patients suffer from hormonal deficiencies because of damage to the
pituitary gland (Duff et al., 2000). About 95% show suprasellar

function such as hyperphagia, obesity, and severe homeostatic im-
balances (Karavitaki et al., 2006; Miiller, 2014; Wijnen et al., 2017).
Treatment of these tumors includes routine screenings of hypothalamic-
pituitary endocrine axes, and if necessary, pharmacological substitution
of the hormones affected. Current clinical practice, however, does not
assess the neurohypophyseal hormone oxytocin (OT). This is the case
although there is both indirect and direct evidence for impairment of
OT in CP.
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First, indirect evidence comes from CP-patients often showing
anatomical lesions which in theory should affect both OT-production
and -release: OT is produced in the same hypothalamic nuclei (su-
praoptic and paraventricular nuclei, SON/PVN) and released from the
same pituitary region (posterior pituitary gland) as anti-diuretic hor-
mone (ADH). This hormone, responsible for the sensation of thirst and
renal re-absorption of free water, is known to be deficient in at least one
third of CP-patients (DeVile et al., 1996; Karavitaki et al., 2005). ADH-
imbalances then result in the symptoms of diabetes insipidus (DI). Yet,
while clinical tests and pharmacological substitution for DI are hall-
marks of CP-treatment, OT is currently neither measured nor sub-
stituted in clinical routine.

Second, in addition to these anatomical parallels, psychoemotional
impairment in CP-patients mirrors some of the assumed functional ef-
fects of OT. Previously only known for its role in child birth, there is
now a rapidly growing body of literature linking OT with empathy and
psychopathology: It has been shown to improve the ability to empathize
in healthy people and enhance social awareness in patients of the
autism spectrum (Feeser et al., 2015). Lower endogenous OT has also
been linked with higher anxiety levels in children (Carson et al., 2015),
while intranasal OT administration appears to buffer amygdala acti-
vation in response to fear-inducing stimuli in healthy adults (Kirsch
et al., 2005) as well as reduce fear reactivity (Labuschagne et al., 2010)
and improve self-representations in patients with anxiety disorder
(Guastella et al., 2009). OT also increases attention to happy stimuli in
depressed patients (Domes et al., 2016), possibly representing a new
treatment option for depressive symptoms (Neumann and Landgraf,
2012). Mirroring these OT-effects, CP-patients show increased psycho-
social morbidity (Pereira et al., 2005): Psychopathological symptoms
include depression, anxiety and social withdrawal, as well as greater
harm avoidance and fatigability both in childhood-onset as well as
adult CP-patients (Karavitaki et al., 2005; Karavitaki et al., 2006;
Miiller, 2014; Roemmler-Zehrer et al. 2017; Wijnen et al., 2017). The
causes for affective impairment in CP may certainly be multi-factorial.
Particularly the effect of concomitant obesity should not be under-
estimated. However, it is tempting to assume that at least some of the
known difficulties are attributable to currently undiagnosed OT in-
sufficiencies.

In contrast to the anatomical and psychopathological parallels, di-
rect evidence for the impairment of OT in CP is scarce. A single case
study indicated that intranasal OT in a child with CP did improve the
child’s desire for socialization and affection towards her family (Cook
et al., 2016). A recent study in childhood onset CP suggests that OT-
levels and positive treatment effects of OT administration might be
hypothalamic lesion-dependent: basal salivary OT-levels did not differ
between patients and healthy controls, neither at baseline, nor 1 h after
intake of a standardized meal (Daubenbiichel et al., 2016). Baseline
levels were only lower in a small subgroup of patients with anterior
hypothalamic damage (N = 6). Subsequent administration of OT in this
subgroup improved the previously impaired ability to categorize ne-
gative emotions (Hoffmann et al., 2017). Normal OT-levels at baseline,
however, have not been found consistently. A recent study reported
reduced salivary OT-levels at baseline and reduced empathic abilities in
patients with anterior hypopituitarism, including 9 CP-patients, com-
pared to healthy controls (Daughters et al., 2017). In this case, how-
ever, extent of hypothalamic lesion was not controlled for.

As OT-effects in vivo likely rely on short-acting release in response
to certain cues such as stress, touch, sexual stimulation or emotion
perception (Bartz et al., 2011; de Jong et al., 2015; Meyer-Lindenberg
et al.,, 2011; Wotjak et al., 2001), it appears reasonable to perform a
stimulation when measuring OT, similar to stimulation tests used for
diagnosis of other endocrine dysfunction. This way, not only baseline
levels but also the responsiveness of the OT-system can be assessed, de-
masking a possibly underlying deficiency more reliably. In the current
study, we therefore aimed to assess OT and its link with affective
function in CP-patients by measuring OT-levels both at baseline and
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after stimulation. Since we wanted a paradigm easily applied in clinical
routine, we chose a simple physical exercise regimen as stimulation
method, since exercise has previously been shown to stimulate OT-re-
lease (de Jong et al., 2015). Regarding OT-measurements, we chose to
collect salivary OT, a method validated in various previous studies
(Daubenbiichel et al., 2016; Daughters et al., 2017; de Jong et al., 2015;
Fujii et al.,, 2016; Grewen et al., 2010). Using a more direct re-
presentation of central OT-levels, i.e. OT in cerebrospinal fluid (CSF),
would present a technique too invasive for daily clinical practice.
Furthermore, while the underlying mechanisms are still unclear, it has
been shown that central and peripheral OT-levels are closely inter-
connected: administration of OT in the periphery (intravenously and
intranasally) leads to elevated OT-levels in CSF (Freeman et al., 2016;
Striepens et al., 2013) as well as to changes in centrally generated be-
haviours (Bartz et al., 2011; Heinrichs and Domes, 2008; Meyer-
Lindenberg et al., 2011). In addition, it has been shown recently that
peripheral OT can even cross the blood brain barrier back into the
brain, directly affecting OT-levels in CSF (Lee et al., 2017) although it
remains to be shown if endogenous OT from peripheral sources can
cross the blood brain barrier and therefore influence CSF levels.

We nonetheless deem salivary OT to provide a non-invasive and
feasible window into the functioning of the OT-system in our partici-
pants.

We expected saliva OT-levels at baseline to be lower in CP compared
to healthy controls (HC), especially in patients with hypothalamic da-
mage or symptoms of DI. We further expected patients to present with a
blunted OT-response to physical exercise. Lastly, we wanted to assess
the functional relevance and possible treatment implication of OT in
this patient group. We expected that reduced OT-levels would be linked
with reduced empathy and that it would at least partially explain af-
fective dysfunction, with lower OT levels being linked to higher anxiety
and higher depression scores on clinically established questionnaires.

2. Subjects and methods
2.1. Participants

Patients were recruited from the Neuroendocrine Outpatient Unit of
the Max-Planck Institute of Psychiatry (MPIP) and the Endocrine
Department of the Medical Clinic IV, Ludwig Maximilian University,
Munich, Germany. Eighty eligible patients aged 18-65 years were
identified by the local electronic databases and invited both by letter
and phone to participate in the study. Reasons for non-participation
were: letters did not reach their recipient (n = 5), not interested in the
study in general (n = 4), high effort to participate in the study
(n = 10), living too far away (n = 19), not having the time to parti-
cipate due to work-related or personal liabilities (n = 16). Finally,
N = 26 patients participated in this study. N = 26 controls were re-
cruited by public advertising and were only included if they had not
been using hormonal contraceptive medication during the previous 6
months before study. They were rewarded with 50€ for participation.
Patients and controls were matched in sex (50% women in each group)
and age (patients: 39.7 + 12.1 years, controls: 36.7 + 12.8 years).
Patients and controls also reported similar habits regarding smoking,
drinking, and physical exercise. Patients, however, had higher BMI-
values than healthy controls (patients: 30.6 = 8.5kg/m? controls:
25.2 + 6.5kg/m% p = 0.012). Statistical analyses included correc-
tions for this difference. For further clinical characteristics of CP-pa-
tients, see Table 1.

The prospective study was approved by the local ethics committee
(#712-15) and conducted in accordance with the 2013 Declaration of
Helsinki. All participants gave their written informed consent.

2.2. Oxytocin measurements

52 participants arrived at the outpatient unit of the MPIP at 8:30
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Table 1
Clinical characteristics of craniopharyngioma patients (n = 26) in this study.
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Hypothalamic damage and pituitary insufficiency

Usage of substitution medication

Surgery-related characteristics

Hypothalamic damage n Corticotrophic n Type of surgery n
Unable to classify 4 Hydrocortisone 18 Transcranial 23
Grade 0 7 Plenadren 4 Transphenoidal 3
Grade 1 8 Mean dosage: 19.75 = 5.50 mg Radiation 4
Grade 2 7 Ommaya-Reservoir 3
Number of affected anterior pituitary axes Vasopressin-Analoga Weight gain after surgery
Any 25 Tablets 9 Yes 21
0 1 Spray 7 No 4
1 1 Mean dosage: 0.22 *= 0.26 mg Unclear 1
2 Amount of weight gain
3 2 Thyreotrophic Weight gain 1-10 kg 7
4 21 L-Thyroxin 24 Weight gain > 20 kg 12

Somatotrophic Amount unclear
Type of affected anterior pituitary axis Growth hormone 15
Corticotrophic 22 Gonadotrophic (females) 10
Thyreotrophic 24 Transdermal 3
Somatotrophic 24 Oral 5
Gonadotrophic 23 Contraceptive Pill 2

Not substituted/menopausal 4
Diabetes insipidus 17 Gonadotrophic (males) 9
Daily drinking > 31 4 Testosterone undecanoate 7
Of which don’t have DI medication 1 Human chorionic gonadotropin 2

Notes: Hypothalamic damage is classified according to a previously used grading system (Muller et al., 2012) with grade 0 = no hypothalamic lesions, grade 1 = anterior hypothalamic

lesions, grade 2 = anterior and posterior hypothalamic lesions including mammillary bodies. Patients’ mean age at first diagnosis was 24.5

diagnosis were 15.2 + 11.5 years.

Table 2
Detailed exercise paradigm using a bicycle ergometer for oxytocin stimulation.

+

13.8 years, and mean years since first

Duration overall in
minutes

Exercise steps Duration of each step

in minutes

Wattage (W) at which participants
exercise during each step

When to measure
lactate

When to terminate exercising

Take baseline salivary sample

0-2 +2 50 W
2 2-7 +5 100W
3 7-12 +5 200 W - age in years

12-x (max. overall
25)
Take stimulated salivary sample

+x (max. +13) 220 W - age in years

between step 2 and
3

between step 3 and
4

every 2-3 min

Stop after step 2 if lactate > 4.0 mmol/l
Stop after step 3 if lactate > 4.0 mmol/1

Stop when lactate > 4.0 mmol/! or after max. of
25 min duration overall

AM in fasting state (food > 12 h, water > 1 h). Patients suffering from
hypopituitarism were asked to take their morning hydrocortisone and
L-thyroxin dose approximately one hour before arrival. Having under-
gone a physical examination, one patient was excluded due to ECG
abnormalities and one patient withdrew at this point because of high
effort. Three controls were excluded because they reported that they
were not in fasting state despite contrary instructions. Salivary OT was
collected using a cylindrical chewing swab (Salivetten© 51.1534.002,
Niimbrecht, Germany), after which participants exercised on a bicycle
ergometer (Kettler Ergometer TXI, Germany). Lactate in capillary blood
was measured repeatedly (Lactate Pro2, Japan (Pyne et al., 2000)) in
order to standardize for individual exertion. A detailed description of
the exercise paradigm can be found in Table 2. Briefly, participants
exercised for > 7 min, and then stopped either a) whenever lactate le-
vels reached > 4 mmol/l (considered to be the anaerobic threshold
(Beneke, 1995)), or b) if lactate continuously remained < 4 mmol/1
when participants either reached physical exhaustion or after overall
25 min of exercise. Saliva samples were taken immediately afterwards.
Three patients stopped prematurely, one due to feeling dizzy and two
others because of not willing to exercise strenuously. Two saliva sam-
ples were not collected correctly due to technical difficulties and par-
ticipants not chewing enough on the swab. Thus, from patients, two
baseline samples and 22 complete pairs (baseline + after stimulation),
and from controls 23 complete pairs were available for analysis.
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2.3. Sample preparation

Samples were centrifuged at 3000g for 5min at 4°C, as re-
commended by Riagnosis© (Munich, Germany) and then stored at
—20 °C. After data collection was finished, all collected samples were
treated identically (i.e. extracted and assayed in the same batch at the
same time) to eliminate interassay variation. This is a major advantage
over studies that used different procedures or assays without extraction
as this likely reduces validity (Leng and Sabatier, 2016; Szeto et al.,
2011). The lyophilised extract was then assayed using a highly sensitive
and specific radioimmunoassay with a detection limit of 0.1 pug/sample,
cross-reactivities with related peptides of < 0.7% and interassay vari-
abilities < 10% (RIAgnosis, Munich, Germany), which has been vali-
dated in previous animal and human studies (de Jong et al., 2015;
Kagerbauer et al., 2013; Neumann and Landgraf, 2012).

2.4. Affective function: questionnaires

In order to explore effects of OT-levels on depression and anxiety,
all participants self-completed a set of questionnaires. Depressive
symptoms were measured using the Beck-Depression-Inventory-II (BDI-
11, range 0-63) (Beck et al., 1961), anxiety levels with the State-Trait-
Anxiety-Inventory (STAI, range 20-80 each) (Spielberger et al., 1970).
OT-related empathy function was assessed using the Empathy Quotient
(EQ) (Baron-Cohen and Wheelwright, 2004). For all questionnaires,
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official German translations were used.
2.5. Hypothalamic lesion: MRI

Based on patients’ most recent post-surgical MRI-data, a board-
certified radiologist blinded to the clinical data assessed the degree of
individual hypothalamic damage according to a previously applied
grading system (Muller et al., 2012), assigning patients to one of three
groups: grade 0 = no hypothalamic lesion, grade 1 = anterior hy-
pothalamic lesions sparing mammillary bodies, or grade 2 = anterior
and posterior hypothalamic lesion including mammillary bodies.

2.6. Statistical analysis

Data were checked for normality and homogeneity of variance.
First, in order to test the underlying assumption that the exercise
paradigm had presented a sufficient stimulus for participants to release
oxytocin, we conducted a paired t-test comparing baseline and stimu-
lated OT-levels within the control group. Then, to assess differences in
OT-levels between patients and controls, mixed-measures general linear
modeling (GLM) was conducted, using time (within-subjects) and group
(between-subjects), while controlling for the exercise-related factors of
amount of time exercised, wattage reached during stimulation, and peak
lactate level at the end of exercising, as well as controlling for con-
founders sex, age, and BMI. Subgroup analysis within patients was
conducted with GLM, assessing the effects of the disease specific fea-
tures grade of hypothalamic damage, diabetes insipidus and dosage of ADH-
analogue on baseline OT measures and its changes following stimula-
tion. Since the homogeneity of variance assumption was violated in the
subgroup analysis of hypothalamic damage, we used the more robust
Welch-ANOVA to correct for Type 1 error rates (Moder, 2010). Bon-
ferroni correction was used for post-hoc comparisons between MRI-
groups. Assessing affective function, we first used GLM to compare
questionnaires scores between groups while controlling for BMI. We
then used linear regression to analyse the relationship between OT
measures and those affective function scores, in which patients sig-
nificantly differed from controls. The most parsimonious model was
reached through backwards selection, which allowed us to observe the
relative impact of OT factors even in those cases where they were not
included in the final model. Normality of residuals was checked with
Q-Q plots, multicollinearity with a tolerance of T > 0.1 and a variance
inflation factor of VIF < 10. Auto-correlation was assessed with the
Durbin-Watson test, and homoscedasticity visually checked with scat-
terplots. Statistical analysis was performed with SPSS 24 * for Windows
(IBM Corporation, USA), with p < 0.05 considered statistically sig-
nificant.

3. Results
3.1. Oxytocin at baseline and stimulation effects

In order to check that the paradigm had actually stimulated parti-
cipants to release additional OT, we first compared mean OT-levels
before and after stimulation in healthy participants only. A paired t-test
revealed a significant increase with stimulation (¢[22] = —1.83,
p = 0.040). We then applied general linear modeling to assess differ-
ences between groups: OT-levels overall did not differ between patients
and controls (factor group: F[1,30] = 0.21, p = 0.649) and across
groups, oxytocin levels also did not differ before and after stimulation
(factor time: F[1,30] = 3.34, p = 0.078). However, patients and con-
trols differed in their respective response to stimulation, i.e. healthy
controls showed an OT-increase with exercise (+24.8%) whereas CP-
patients did not (-13,7%; interaction time x group, F[1,30] = 9.36,
p = 0.005, for means see Table 3). Regarding confounding variables
corrected for in this model, OT-levels and OT-response to exercise were
unaffected by the covariates sex and age. In line with patients in this
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Table 3
Exercise-related parameters and affective function scores of craniopharyngioma patients
(CP) and healthy controls (HC).

CP HC p-Values
Baseline OT-levels in pg/ml 1.46 = 1.20 1.33 = 1.13 p=0.731
Stimulated OT-levels in pg/ 1.26 = 0.87 1.66 + 1.76 p = 0391
ml
Time exercised in min 13.6 = 4.3 13.0 = 3.8 p = 0.538
Wattage in W 153.25 = 39.31 162.71 * 18.60 p = 0.332
Lactate in mmol/1 4.23 + 1.23 4.71 = 0.94 p=0.128
EQ 48.0 = 14.4 45.8 = 9.0 p = 0.491
BDI-II 12.0 = 10.9 3.2 £ 41 p = 0.002
STAI1 36.5 = 11.4 322 £ 9.2 p = 0.084
STAI2 39.3 = 11.3 32.8 + 8.0 p = 0.042

Notes: Values represent means + standard deviation. Time exercised indicates the
amount of time in minutes that participants spent exercising. Wattage pertains to the
maximum wattage level that participants reached during exercise. Lactate refers to the
peak lactate level measured at the end of exercising. Affective function scores include
measures of empathy levels (empathy quotient, EQ), depressive symptoms (Beck
Depression Inventory-II, BDI-II) as well as state and trait anxiety levels (State-Trait-
Anxiety-Inventory: STAI1 represents subscores for state anxiety, STAI2 represents sub-
scores for trait anxiety).

Bold values indicate significant differences between both groups.

study having a significantly higher BMI (p < 0.012) than controls,
however, we found OT-increase to co-vary with BMI. Specifically,
participants with higher BMI showed less OT-response to exercise than
those with lower BMI (interaction of time x BMI, F[1,30] = 5.10,
p = 0.031). Regarding exercise-related parameters, stimulated OT-re-
sponse across groups varied with neither the amount of time partici-
pants spent exercising in total (interaction of time x amount of time ex-
ercised, F[1,30] = 1.26, p = 0.271), nor with the maximum wattage
participants reached during exercise (interaction of time x wattage, F
[1,30] = 0.10, p = 0.755), nor with the peak lactate level participants
presented at the end of exercising (interaction of time x lactate F[1,30]
= 0.31, p = 0.581). Between-group comparisons showed that patients
exercised for equally as many minutes (p = 0.538), reached maximum
wattage levels that were not significantly lower (p = 0.332), and pre-
sented with final lactate levels not significantly different (p = 0.128)
from those of healthy controls (Table 3). Finally, to ensure that the
observed non-response in salivary OT-levels was not due to a difference
in saliva secretion rates, we also compared the amount of retrieved
saliva from patients before and after stimulation with that of healthy
controls. There was no significant difference between groups, neither at
baseline (p = 0.386) nor after stimulation (p = 0.351).

3.2. Effects of hypothalamic damage and diabetes insipidus

In a subgroup analysis within CP-patients, we assessed the effects of
hypothalamic damage based on MRI-data and diagnosis of DI on OT-
levels. Hypothalamic damage had a significant effect on baseline OT
levels (Levene’s Test p = 0.001; corrected Welch-ANOVA F [2,9.79]
= 4.54, p = 0.040) but not on OT increase after exercise (F[2,19]
= 0.94, p = 0.410). Bonferroni post-hoc comparisons between baseline
measures showed that patients without hypothalamic damage showed
significantly higher baseline OT-levels compared to patients with grade
2 lesions (p = 0.024), and there was a trend for higher OT levels
compared with grade 1 (p = 0.077) (see Fig. 1). The latter two groups
did not differ (p = 0.999). Diabetes insipidus parameters were not as-
sociated with OT-levels in CP. Presence of DI (F[1,17] = 0.36,
p = 0.558) did not have a main effect on OT-levels. It also did not affect
OT-level change in response to exercise (time x DI: F[1,17] = 0.91,
p = 0.354). The same was true for dose of ADH-analogues (for mean
dosage, see Table 1), with neither a significant main effect (F[1,17]
= 0.003, p = 0.961) nor an interaction effect (time x dose ADH-ana-
logue: F[1,17] = 0.32, p = 0.578).
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Oxytocin depending on hypothalamic damage Oxytocin depending on diabetes insipidus
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Fig. 1. Baseline oxytocin levels within craniopharyngioma patients differs according to hypothalamic damage but not presence of diabetes insipidus.

Legend: Horizontal lines indicate mean oxytocin levels at baseline. Top and bottom edges of the box depict the 1st and 3rd quartile. Whiskers indicate minimum and maximum values.
Hypothalamic damage is classified according to a previously used grading system (Muller et al., 2012) with grade 0 = no hypothalamic lesions, grade 1 = anterior hypothalamic lesions,
grade 2 = anterior and posterior hypothalamic lesions including mammillary bodies. DI, diabetes insipidus; n.s., non-significant.

3.3. Oxytocin and affective function

Mean psychoemotional scores are presented in Table 3. Using gen-
eral linear modeling to correct for BMI, patients showed significantly
higher depression levels, F(1.42) = 10.414, p = 0.002, and sig-
nificantly higher trait anxiety levels, F(1.42) = 4.401, p = 0.042, in
comparison to healthy controls. There was a trend for patients showing
higher levels of state anxiety, F(1.42) = 3.142, p = 0.084, but there
was no significant difference in empathy scores, F(1.42) = 0.483,
p = 0.491. Regression analysis showed that empathy scores were not
significantly related to any of the included factors, i.e. sex, age, BMI, or
group (CP vs. controls), F(1.44) = 1.307, p = 0.259. There was a trend
for higher depression scores to correlate with higher baseline OT levels
(b = 1.928, t(43) = 1.949, p = 0.058, not significant). Together with
the significant factor of belonging to CP-group (b = —6.764, t(43)
= —2.994, p = 0.005), this accounted for 26.7% of variance in the
most parsimonious model, F(2.43) = 7.471, p = 0.002. Trait anxiety
scores significantly correlated with baseline OT-levels (b = 2.885, t
(43) = 2.421, p = 0.020), which together with the non-significant
factor of being of female sex (b = —4.589, t(43) = —1.688,
p = 0.099), presented the most parsimonious model accounting for a
significant proportion of variance in trait anxiety scores (19.0%, F
(2.43) = 4.797, p = 0.013).

A%-OT was neither related to depression nor trait anxiety scores. It
did, however, significantly predict state anxiety scores alone
(b = —0.133, t(43) = —2.797, p = 0.008), linking lower A%-OT with
higher state anxiety, and accounting for 15.7% of the observed var-
iance, F(1.43) = 7.826, p = 0.008. See Fig. 2 for an illustration of the
relationship between OT-measures and affective function.

4. Discussion

4.1. Reduced baseline levels of oxytocin only in patients with hypothalamic
damage

CP-patients did not have lower OT-levels at baseline than healthy
controls, indicating that baseline OT-deficiency is not a general char-
acteristic of patients suffering from this tumor and its sequelae. While
this replicates previous results of a study in childhood onset CP
(Daubenbiichel et al., 2016), it nevertheless remains surprising, as it
suggests that baseline OT-levels are relatively unaffected by pituitary
damage. In our study, patients suffered from extensive clinical pituitary
impairment, with 84.5% showing complete anterior pituitary in-
sufficiency and 60% showing both complete anterior and posterior pi-
tuitary insufficiency. These patients are unlikely to have a pituitary
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gland able to normally release OT. A possible explanation pertains to
evidence that OT can be expressed in endocrine organs peripherally
(Elands et al., 1990; Ivell et al., 1997, 1990; Jankowski et al., 1998),
thus explaining preserved salivary OT-levels despite pituitary impair-
ment. Alternatively, there is evidence from early animal and human
studies suggesting that parahypophyseal release mechanisms might
develop after pituitary tumor growth or surgery (Beck and Daniel,
1959; Moll and de, 1962; Sloper, 1960). While the exact underlying
mechanisms remain speculative, the present results suggest that pitui-
tary damage can functionally spare baseline OT-release.

OT, however, is probably not preserved in the presence of hy-
pothalamic damage. Subgroup analysis showed that in patients with
extensive hypothalamic damage (grade 2), baseline OT-levels were
lower than in patients without hypothalamic damage. In patients with
damage only affecting anterior nuclei (grade 1), OT-levels were also
lower, but this failed to reach statistical significance (p = 0.077). Our
data differs in this regard to the previous study in childhood onset CP
(Daubenbiichel et al., 2016), which reported reduced levels with
anterior damage but normal levels with lesions to both anterior and
posterior regions. Since we are not aware of a mechanism that re-
habilitates OT-release through additional damage to posterior nuclei,
we attribute the variance between results to small sample sizes in both
studies. Thus, baseline OT-deficiency is not CP-specific; but instead
probably hypothalamic lesion-specific.

4.2. Oxytocin-deficiency is de-masked with stimulation

Salivary OT-levels in healthy controls increased with physical ex-
ercise, whereas in CP-patients it did not. This dynamic OT-deficiency
was found in all patient subgroups, irrespective of hypothalamic da-
mage. On the one hand, this could indicate that, in contrast to baseline
levels, immediate fast-acting OT-release might indeed require an intact
posterior pituitary route and thus would be impaired by pituitary da-
mage. In that case, dynamic OT release would also be deficient in
various other diseases affecting posterior pituitary structural integrity,
such as adenomas or inflammatory processes. As another explanation,
the blunted OT-response might be an indirect consequence of anterior
pituitary insufficiency in CP. It is currently unclear how additional OT-
release after stimulation is mediated; it might depend solely on direct
release from the pituitary gland, but there is also evidence that OT is
closely intertwined with other endocrine axes (Elands et al., 1990; Ivell
et al., 1997, 1990; Jankowski et al., 1998). Therefore, its release might
depend on the functionality of these axes in turn. This is supported by a
recent study reporting patients with anterior hypopituitarism (in-
cluding 9 CP-patients) to show lower salivary OT-levels than healthy
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controls (Daughters et al., 2017). More specifically, there is also evi-
dence for a positive correlation between OT- and cortisol-levels
(Heinrichs and Domes, 2008), in particular for similar release patterns
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Fig. 2. Depression and trait anxiety are positively associated with baseline oxytocin le-
vels; higher state anxiety is associated with a reduced oxytocin-response to stimulation.
Regression coefficients of craniopharyngioma patients (grey stars, grey regression line)
and healthy controls (black circles, black regression line) are depicted separately in each
graph.

(A) shows the relationship between symptoms of depression (assessed by BDI-II scores)
and oxytocin levels at baseline (pg/ml), (B) shows the relationship between trait anxiety
scores (assessed by STAI2 scores) and oxytocin levels at baseline (pg/ml), and (C) the
relationship between state anxiety scores (assessed by STAI1 scores) and the percent
oxytocin level change in response to stimulation.

in response to exercise (de Jong et al., 2015). Most of our CP-patients
suffered from secondary adrenal insufficiency, and thus likely lacked an
exercise-mediated stimulation of the adrenal glands. It is possible that
this in turn led to the reduced OT-response to physical stimulation.
Unfortunately, the number of individuals without pituitary or adrenal
insufficiency in our CP group was too small to draw solid conclusions.
In addition, the exact relationship between cortisol- and OT-dynamics is
still under debate (Heinrichs and Domes, 2008). Nevertheless, whether
an impaired pituitary-adrenal axis additionally affects OT-release,
merits further investigation, in which patients with isolated secondary
adrenal insufficiency, e.g. NFPA, might present a suitable control
group. As a third possible reason, the observed differences between CP
and controls might have resulted from methodological issues. Exercise
is potentially a questionable stimulus in participants who are over-
weight. Patients might have exercised less strenuously and be less sti-
mulated to release OT. However, we would argue this to be unlikely.
Patients and controls reported similar weekly exercise habits, and
during stimulation, patients exercised equally as long and at similar
intensity, reaching similar maximum wattages on the ergometer and
presenting with similar peak serum lactate levels as controls. The ob-
served association between higher BMI and lower OT-response to sti-
mulation is thus unlikely to be a sign of patients having exerted
themselves less. Instead, BMI might act as indicator for an impaired OT-
responsiveness. Interestingly, this is corroborated by the previous study
in childhood-CP, which found that CP-patients with high BMI showed
smaller OT-changes - in that case in response to eating a standardized
meal (Daubenbiichel et al., 2016). The BMI-associated reduced OT-re-
sponsiveness therefore has now been observed in two separate CP-stu-
dies, and appears independent from the particular mode of stimulation.
This tentatively supports the previous claim that OT-substitution might
present a treatment option for diseases with hypothalamic dysfunction
and associated obesity (Daubenbiichel et al., 2016).

4.3. DI does not predict OT-levels

In our study, OT-measures were unaffected by the presence of DI,
both at baseline and after stimulation. They were also unrelated to
doses of ADH-analogues. Anecdotally, the patient with the highest
desmopressin dosage of 1 mg/d was amongst those with the highest
baseline OT-levels, and showed a 9% increase following exercise. The
previous study measuring OT-levels in CP also reported DI as having no
effect on baseline OT (Daubenbiichel et al., 2016), and a different study
comparing OT-levels in pituitary patients showed no difference be-
tween patients with and without central diabetes insipidus (Daughters
et al., 2017). All of these results are surprising, given the proximity of
ADH- and OT-producing hypothalamic neurons in SON and PVN, as
well as the parallel release-mechanisms through the posterior pituitary.
On a methodological level, diagnosis of DI might be an unsuitable in-
dicator for true ADH-function. However, we corrected for mis-
categorisation by counting patients as DI-positive either if they used
ADH-substitution therapy or (to counter possible under-diagnosis) if
they did not use medication but reported clinical signs of DI (n = 1). At
this point, it remains unclear why OT-insufficiency does not parallel
clinical symptoms of ADH-insufficiency. However, until this question is
addressed through further research, DI does not present a suitable
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proxy for suspected OT-insufficiency in CP.
4.4. Clinical relevance for affective function

Our data revealed two main aspects about OT and affective func-
tion. First, baseline OT-deficiency is unlikely to be a contributing factor
to elevated psychopathology in our sample of CP-patients. Neither re-
duced baseline OT levels nor a blunted response to stimulation sig-
nificantly predicted elevated depression or trait anxiety scores. On the
contrary, higher OT-levels at baseline predicted higher depression and
higher trait anxiety scores. This is surprising since higher depression and
anxiety was previously found to be associated with lower oxytocin

(for example in anorexia nervosa patients who are in remission,
(Afinogenova et al., 2016)), and thus, our results contradict the cur-
rently prevalent appraisal of OT as an overall antidepressant and an-
xiolytic agent (for reviews, see Bartz et al., 2011; Neumann and
Landgraf, 2012). There is, however, also supportive evidence for a
positive correlation between OT-levels and psychopathological symp-
toms: Endogenous OT-levels can be increased in major depression
(Parker et al., 2010), and OT-administration has been linked with
greater post-natal depression and increased anxiety (Kroll-Desrosiers
et al., 2017; Mah, 2016). Furthermore, higher subclinical depressive
symptomatology in healthy adults is linked with higher saliva and
plasma OT-levels, and a behavioural intervention aimed at reducing
stress simultaneously reduced OT-levels (Holt-Lunstad et al., 2011). The
underlying cause for these opposing results is unclear, and may indeed
vary between underlying diseases. Regarding CP-patients we suggest
that, based on our own results, baseline substitution of OT does not
present a suitable treatment option for elevated affective dysfunction in
CP.

Second, our data suggest a further conclusion, which might account
for some of the observed discrepancies in the current literature: that
baseline OT-levels on the one hand and OT-responsiveness to stimula-
tion on the other hand might in fact have different effects on affective
function. In direct contradiction to baseline levels, we found lower OT-
release in response to exercise to be associated with higher state anxiety
levels. This finding needs to be interpreted with caution, as patients
showed only a trend for higher state anxiety levels compared to controls
(p = 0.084). Thus, we deem substitution treatment for state anxiety in
CP not to be warranted either — at least until future studies in larger
patient samples replicate this finding. Nevertheless, our data provide a
possibly important characterization for substituting or administrating
OT: OT-effects might differ depending on timing of release/timing of
administration; specifically, continuous baseline levels possibly influ-
ence affective function differently than dynamic short-term OT-changes
in response to momentary cues.

Finally, while previous research found links between OT-levels and
empathy (Feeser et al., 2015), this was not the case in our study. Em-
pathy levels of CP-patients did not differ from controls, and empathy
was associated with neither baseline OT-levels nor OT-responsiveness
to stimulation. It is possible that variance within our sample was too
small to reliably detect effects. It is also possible that using ques-
tionnaires posed a method not sensitive enough, and studies applying
active social paradigms might yield different results in the future. Data
from a very recent study further indicate that a suitable test to define
the link between OT and empathy in pituitary patients still needs to be
found: OT-levels predicted lower empathic abilities in patients with
hypopituitarism only if they additionally suffered from DI. This was
despite the fact that patients without DI presented with equally reduced
salivary OT-levels and equally reduced empathic abilities in comparison
to healthy controls, and presence of DI had not been found to affect OT-
levels (Daughters et al., 2017).

4.5. Strengths and limitations

An important strength of our study pertains to measuring OT both at
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baseline and after stimulation in a well-characterized group suffering
from this rare tumor entity. We showed that an OT-deficiency can be
de-masked with exercise-induced stimulation. Importantly, the stimu-
lation method is similar to the well-established exercise-electro-
cardiogram widely used in cardiology diagnostics, with the necessary
equipment thus likely being available in most clinical settings. An im-
portant limitation of the present study pertains to the fact that, as of
now, research still disagrees regarding the precise relationship between
peripherally measured OT and centrally generated behaviour. Our re-
sults are based on peripheral OT-measures, which given the at times
extensive pituitary and hypothalamic damage in our CP patients, quite
possibly originate solely from peripheral sources. Since we did not
measure central OT-levels directly, a limitation of this study is that we
cannot exclude that central OT-levels might have influenced beha-
vioural measures in a different manner than salivary OT-levels, and that
indeed central OT-levels might have differed between groups. Future
research, including more precise imaging technology or the use of
biomolecularly tagged oxytocin, might be able to disentangle the pos-
sibly diverging effects of central and peripheral OT-levels on emotions
and behaviour.

The results need to be appraised in the context of the small sample
size despite our multi-centred recruitment approach. This is especially
the case for subgroup analyses as well as for the interpretation re-
garding future OT-administration in state anxiety. The small sample
size also made it not possible to undertake a more detailed analysis
disentangling the effects of different patient characteristics, such as age
at disease onset, actual weight gain since disease onset, and social as-
pects like current status of relationship. Whether (and how) these fac-
tors influence OT-levels and psychopathology in CP remains open to
further research. As a further limitation, recruiting healthy controls
with similar characteristics as patients (BMI) proved to be difficult and
required statistical correction. In addition, there may be a selection bias
as those patients might have been more willing to participate in this
study who suffered from greater psychopathological burden.
Furthermore, it is known that gonadal steroid hormones can influence
OT-release (de Jong et al., 2015). While we did not directly measure
gonadal hormone levels, we made sure to only include healthy controls
who did not use hormonal medication like contraception, and to only
include those patients, who according to their most recent medical files
were adequately substituted (see Methods, Table 1). In the future, with
higher resolution MRI, lesions might be analysed according to in-
dividual hypothalamic nuclei, not only general anterior and posterior
regions, allowing for better differentiation between affected sites and a
more detailed grading of hypothalamic damage, linking it to distinct
functional deficits. The potential of a more detailed grading system has
e.g. recently been demonstrated for the risk of developing obesity, one
of the most clinically relevant sequelae in CP patients (Roth et al.,
2015).

4.6. Outlook: OT-deficiency beyond affective function

In future studies, OT-deficiency will likely be relevant in other
contexts: the possible interplay between OT and other endocrine axes
might present a relevant research focus. In addition, it has been sug-
gested elsewhere that OT plays an important role in cardio-protection
(Jankowski et al., 2016), and that it might be a promising agent in the
treatment of obesity (Amri and Pisani, 2016). Our present results cor-
roborate the link between OT-deficiency and BMI, and given that
obesity and long-term cardiovascular morbidity rates are high in CP-
patients (Pereira et al., 2005), the here-demonstrated dynamic OT-de-
ficiency might present a promising treatment target in the future. One
study in a small sample of CP-patients has already demonstrated posi-
tive substitution effects for certain aspects of psychoemotional func-
tioning, reporting patients to recognise negative emotions better im-
mediately after nasal OT-administration (Hoffmann et al., 2017).
Future OT-replacement studies in CP will likely focus on further
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pathologies of this complex disease. While doing so, treatment efforts
might benefit from differentiating between substituting baseline levels
on the one hand and targeting dynamic short-term OT-responses on the
other.

Author contributions

Dorothea Gebert and Matthias Auer contributed equally to this work
and thus share the first authorship.

Conception and design: AK, DG, MA

Recruitment: AK, DG, KS, JS, GK

Data acquisition: MA, MS, DG

Data Analysis: DG, MA, MTF, JF

Drafting or Revising the script: DG, MA, AK, MTF

Funding

Anna Kopczak is supported by the Bavarian Gender Equality Grant
(BGF) 2014.

Disclosure
The authors have nothing to disclose.
Acknowledgments

We express our gratitude to Marie-Luise Brandi for helping to re-
cruit healthy subjects and to Kathrin Popp for support with data col-
lection. We are particularly thankful for statistical advice from the
Institute for Informatics, Biometrics, and Epidemiology. We also thank
Caroline Sievers for supportive discussions of our study protocol. Rainer
Landgraf helped with advice on oxytocin measurements. Fabian
Wadsworth and Alexandra Clement proof-read the manuscript with
regard to language. We thank our anonymous reviewers who really
helped to improve earlier versions of this manuscript.

We gratefully thank all our patients and healthy controls for parti-
cipation in our study.

References

Afinogenova, Y., Schmelkin, C., Plessow, F., Thomas, J.J., Pulumo, R., Micali, N., Miller,
K.K., Eddy, K.T., Lawson, E.A., 2016. Low fasting oxytocin levels are associated with
psychopathology in anorexia nervosa in partial recovery. J. Clin. Psychiatry 77,
e1483-e1490.

Amri, E.Z., Pisani, D.F., 2016. Control of bone and fat mass by oxytocin. Hormone Mol.
Biol. Clin. Investig. 28, 95-104.

Baron-Cohen, S., Wheelwright, S., 2004. The empathy quotient: an investigation of adults
with Asperger syndrome or high functioning autism, and normal sex differences. J.
Autism Dev. Disord. 34, 163-175.

Bartz, J.A., Zaki, J., Bolger, N., Ochsner, K.N., 2011. Social effects of oxytocin in humans:
context and person matter. Trends Cogn. Sci. 15, 301-309.

Beck, E., Daniel, P., 1959. Some changes in the hypothalamus and proximal pituitary stalk
after stalk section. J. Physiol.-London 146, 22-24.

Beck, A.T., Ward, C.H., Mendelson, M., Mock, J., Erbaugh, J., 1961. An inventory for
measuring depression. Arch. Gen. Psychiatry 4, 561-571.

Beneke, R., 1995. Anaerobic threshold, individual anaerobic threshold, and maximal
lactate steady state in rowing. Med. Sci. Sports Exerc. 27, 863-867.

Bunin, G.R., Surawicz, T.S., Witman, P.A., Preston-Martin, S., Davis, F., Bruner, J.M.,
1998. The descriptive epidemiology of craniopharyngioma. J. Neurosurg. 89,
547-551.

Carson, D.S., Berquist, S.W., Trujillo, T.H., Garner, J.P., Hannah, S.L., Hyde, S.A.,
Sumiyoshi, R.D., Jackson, L.P., Moss, J.K., Strehlow, M.C., Cheshier, S.H., Partap, S.,
Hardan, A.Y., Parker, K.J., 2015. Cerebrospinal fluid and plasma oxytocin con-
centrations are positively correlated and negatively predict anxiety in children. Mol.
Psychiatry 20, 1085-1090.

Cook, N., Miller, J., Hart, J., 2016. Parent observed neuro-behavioral and pro-social
improvements with oxytocin following surgical resection of craniopharyngioma. J.
Pediatr. Endocrinol. Metab. 29, 995-1000.

Daubenbiichel, A.M.M., Hoffmann, A., Eveslage, M., Ozyurt, J., Lohle, K., Reichel, J.,
Thiel, C.M., Martens, H., Geenen, V., Miiller, H.L., 2016. Oxytocin in survivors of
childhood-onset craniopharyngioma. Endocrine 54, 524-531.

Daughters, K., Manstead, A.S.R., Rees, D.A., 2017. Hypopituitarism is associated with
lower oxytocin concentrations and reduced empathic ability. Endocrine 57, 166-174.

Psychoneuroendocrinology 88 (2018) 61-69

DeVile, C.J., Grant, D.B., Hayward, R.D., Stanhope, R., 1996. Growth and endocrine se-
quelae of craniopharyngioma. Arch. Dis. Child. 75, 108-114.

Domes, G., Normann, C., Heinrichs, M., 2016. The effect of oxytocin on attention to angry
and happy faces in chronic depression. BMC Psychiatry 16, 92.

Duff, J.M., Meyer, F.B., Ilstrup, D.M., Laws Jr., E.R., Schleck, C.D., Scheithauer, B.W.,
2000. Long-term outcomes for surgically resected craniopharyngiomas. Neurosurgery
46, 291.

Elands, J., Resink, A., De Kloet, E.R., 1990. Neurohypophyseal hormone receptors in the
rat thymus, spleen, and lymphocytes. Endocrinology 126, 2703-2710.

Feeser, M., Fan, Y., Weigand, A., Hahn, A., Gartner, M., Boker, H., Grimm, S., Bajbouj, M.,
2015. Oxytocin improves mentalizing —pronounced effects for individuals with at-
tenuated ability to empathize. Psychoneuroendocrinology 53, 223-232.

Freeman, S.M., Samineni, S., Allen, P.C., Stockinger, D., Bales, K.L., Hwa, G.G., Roberts,
J.A., 2016. Plasma and CSF oxytocin levels after intranasal and intravenous oxytocin
in awake macaques. Psychoneuroendocrinology 66, 185-194.

Fujii, T., Schug, J., Nishina, K., Takahashi, T., Okada, H., Takagishi, H., 2016.
Relationship between salivary oxytocin levels and generosity in preschoolers. Sci.
Rep. 6, 38662.

Grewen, K.M., Davenport, R.E., Light, K.C., 2010. An investigation of plasma and salivary
oxytocin responses in breast-and formula-feeding mothers of infants.
Psychophysiology 47, 625-632.

Guastella, A.J., Howard, A.L., Dadds, M.R., Mitchell, P., Carson, D.S., 2009. A randomized
controlled trial of intranasal oxytocin as an adjunct to exposure therapy for social
anxiety disorder. Psychoneuroendocrinology 34, 917-923.

Heinrichs, M., Domes, G., 2008. Neuropeptides and social behaviour: effects of oxytocin
and vasopressin in humans. Prog. Brain Res. 170, 337-350.

Hoffmann, A., Ozyurt, J., Lohle, K., Reichel, J., Thiel, C.M., Muller, H.L., 2017. First
experiences with neuropsychological effects of oxytocin administration in childhood-
onset craniopharyngioma. Endocrine 56, 175-185.

Holt-Lunstad, J., Birmingham, W., Light, K.C., 2011. The influence of depressive symp-
tomatology and perceived stress on plasma and salivary oxytocin before, during and
after a support enhancement intervention. Psychoneuroendocrinology 36,
1249-1256.

Ivell, R., Hunt, N., Abend, N., Brackman, B., Nollmeyer, D., Lamsa, J.C., McCracken, J.A.,
1990. Structure and ovarian expression of the oxytocin gene in sheep. Reprod. Fertil.
Dev. 2, 703-711.

Ivell, R., Balvers, M., Rust, W., Bathgate, R., Einspanier, A., 1997. Oxytocin and male
reproductive function. Adv. Exp. Med. Biol. 424, 253-264.

Jankowski, M., Hajjar, F., Kawas, S.A., Mukaddam-Daher, S., Hoffman, G., McCann, S.M.,
Gutkowska, J., 1998. Rat heart: a site of oxytocin production and action. Proc. Natl.
Acad. Sci. U. S. A. 95, 14558-14563.

Jankowski, M., Broderick, T.L., Gutkowska, J., 2016. Oxytocin and cardioprotection in
diabetes and obesity. BMC Endocr. Disord. 16, 34.

Kagerbauer, S.M., Martin, J., Schuster, T., Blobner, M., Kochs, E.F., Landgraf, R., 2013.
Plasma oxytocin and vasopressin do not predict neuropeptide concentrations in
human cerebrospinal fluid. J. Neuroendocr. 25, 668-673.

Karavitaki, N., Brufani, C., Warner, J.T., Adams, C.B.T., Richards, P., Ansorge, O., Shine,
B., Turner, H.E., Wass, J.A.H., 2005. Craniopharyngiomas in children and adults:
systematic analysis of 121 cases with long-term follow-up. Clin. Endocrinol. (Oxf.)
62, 397-409.

Karavitaki, N., Cudlip, S., Adams, C.B., Wass, J.A., 2006. Craniopharyngiomas. Endocr.
Rev. 27, 371-397.

Kirsch, P., Esslinger, C., Chen, Q., Mier, D., Lis, S., Siddhanti, S., Gruppe, H., Mattay, V.S.,
Gallhofer, B., Meyer-Lindenberg, A., 2005. Oxytocin modulates neural circuitry for
social cognition and fear in humans. J. Neurosci. 25, 11489-11493.

Kroll-Desrosiers, A.R., Nephew, B.C., Babb, J.A., Guilarte-Walker, Y., Moore Simas, T.A.,
Deligiannidis, K.M., 2017. Association of peripartum synthetic oxytocin administra-
tion and depressive and anxiety disorders within the first postpartum year. Depress.
Anxiety 34, 137-146.

Labuschagne, 1., Phan, K.L., Wood, A., Angstadt, M., Chua, P., Heinrichs, M., Stout, J.C.,
Nathan, P.J., 2010. Oxytocin attenuates amygdala reactivity to fear in generalized
social anxiety disorder. Neuropsychopharmacology 35, 2403-2413.

Lee, M.R., Scheidweiler, K.B., Diao, X.X., Akhlaghi, F., Cummins, A., Huestis, M.A.,
Leggio, L., Averbeck, B.B., 2017. Oxytocin by intranasal and intravenous routes
reaches the cerebrospinal fluid in rhesus macaques: determination using a novel
oxytocin assay. Mol. Psychiatry [Epub ahead of print].

Leng, G., Sabatier, N., 2016. Measuring oxytocin and vasopressin: bioassays, im-
munoassays and random numbers. J. Neuroendocrinol. 28, 12413.

Miiller, H.L., 2014. Craniopharyngioma. Endocr. Rev. 35, 513-543.

Mabh, B.L., 2016. Oxytocin postnatal depression, and parenting: a systematic review. Harv.
Rev. Psychiatry 24, 1-13.

Meyer-Lindenberg, A., Domes, G., Kirsch, P., Heinrichs, M., 2011. Oxytocin and vaso-
pressin in the human brain: social neuropeptides for translational medicine. Nat. Rev.
Neurosci. 12, 524-538.

Moder, K., 2010. Alternatives to F-test in one way ANOVA in case of heterogeneity of
variances (a simulation study). Psychol. Test Assess. Model. 52, 343-353.

Moll, J., de, W., 1962. Observations on the hypothalamoposthypophyseal system of the
posterior lobectomized rat. Gen. Comp. Endocrinol. 2, 215-228.

Muller, H.L., Gebhardt, U., Faldum, A., Warmuth-Metz, M., Pietsch, T., Pohl, F.,
Calaminus, G., Sorensen, N., 2012. Xanthogranuloma, Rathke's cyst, and childhood
craniopharyngioma: results of prospective multinational studies of children and
adolescents with rare sellar malformations. J. Clin. Endocrinol. Metab. 97,
3935-3943.

Neumann, 1.D., Landgraf, R., 2012. Balance of brain oxytocin and vasopressin: implica-
tions for anxiety, depression, and social behaviors. Trends Neurosci. 35, 649-659.

Parker, K.J., Kenna, H.A., Zeitzer, J.M., Keller, J., Blasey, C.M., Amico, J.A., Schatzberg,


http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0005
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0005
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0005
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0005
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0010
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0010
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0015
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0015
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0015
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0020
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0020
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0025
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0025
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0030
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0030
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0035
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0035
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0040
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0040
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0040
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0045
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0045
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0045
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0045
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0045
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0050
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0050
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0050
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0055
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0055
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0055
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0060
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0060
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0065
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0065
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0070
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0070
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0075
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0075
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0075
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0080
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0080
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0085
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0085
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0085
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0090
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0090
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0090
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0095
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0095
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0095
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0100
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0100
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0100
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0105
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0105
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0105
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0110
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0110
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0115
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0115
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0115
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0120
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0120
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0120
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0120
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0125
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0125
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0125
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0130
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0130
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0135
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0135
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0135
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0140
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0140
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0145
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0145
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0145
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0150
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0150
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0150
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0150
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0155
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0155
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0160
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0160
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0160
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0165
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0165
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0165
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0165
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0170
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0170
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0170
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0175
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0175
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0175
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0175
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0180
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0180
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0185
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0190
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0190
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0195
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0195
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0195
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0200
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0200
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0205
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0205
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0210
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0210
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0210
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0210
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0210
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0215
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0215
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0220

D. Gebert et al.

A.F., 2010. Preliminary evidence that plasma oxytocin levels are elevated in major
depression. Psychiatry Res. 178, 359-362.

Pereira, A.M., Schmid, E.M., Schutte, P.J., Voormolen, J.H., Biermasz, N.R., Van Thiel,
S.W., Corssmit, E.P., Smit, J.W., Roelfsema, F., Romijn, J.A., 2005. High prevalence
of long-term cardiovascular, neurological and psychosocial morbidity after treatment
for craniopharyngioma. Clin. Endocrinol. (Oxf.) 62, 197-204.

Pyne, D.B., Boston, T., Martin, D.T., Logan, A., 2000. Evaluation of the Lactate Pro blood
lactate analyser. Eur. J. Appl. Physiol. 82, 112-116.

Roemmler-Zehrer, J., Geigenberger, V., Stormann, S., Ising, M., Pfister, H., Sievers, C.,
Stalla, G.K., Schopohl, J., 2017. Specific behaviour, mood and personality traits may
contribute to obesity in patients with craniopharyngioma. Clin. Endocrinol. 82,
106-114.

Roth, C.L., Eslamy, H., Werny, D., Elfers, C., Shaffer, M.L., Pihoker, C., Ojemann, J.,
Dobyns, W.B., 2015. Semiquantitative analysis of hypothalamic damage on MRI
predicts risk for hypothalamic obesity. Obesity 23, 1226-1233.

Sloper, J., 1960. The presence of a posterior pituitary-like structure in the hypothalamus
after hypophysectomy. Acta Endocrinol. (Copenh.) 34, S101-S124.

Spielberger, C.D.G., R.L, Lushene, R.E., 1970. Manual for the State-Trait Anxiety
Inventory (STAI). Consulting Psychologists Press, Palo Alto, CA.

Striepens, N., Kendrick, K.M., Hanking, V., Landgraf, R., Wiillner, U., Maier, W.,

69

Psychoneuroendocrinology 88 (2018) 61-69

Hurlemann, R., 2013. Elevated cerebrospinal fluid and blood concentrations of
oxytocin following its intranasal administration in humans. Sci. Rep. 3, 3440.

Szeto, A., McCabe, P.M., Nation, D.A., Tabak, B.A., Rossetti, M.A., McCullough, M.E.,
Schneiderman, N., Mendez, A.J., 2011. Evaluation of enzyme immunoassay and
radioimmunoassay methods for the measurement of plasma oxytocin. Psychosom.
Med. 73, 393-400.

Wijnen, M., van den Heuvel-Eibrink, M.M., Janssen, J.A., Catsman-Berrevoets, C.E.,
Michiels, E.M., van Veelen-Vincent, M.C., Dallenga, A.H., van den Berge, J.H., van
Rij, C.M., Van der Lely, A.J., Neggers, S.J., 2017. Very long-term sequelae of cra-
niopharyngioma. Eur. J. Endocrinol. 176, 755-767.

Wotjak, C.T., Naruo, T., Muraoka, S., Simchen, R., Landgraf, R., Engelmann, M., 2001.
Forced swimming stimulates the expression of vasopressin and oxytocin in magno-
cellular neurons of the rat hypothalamic paraventricular nucleus. Eur. J. Neurosci.
13, 2273-2281.

de Jong, T.R., Menon, R., Bludau, A., Grund, T., Biermeier, V., Klampfl, S.M., Jurek, B.,
Bosch, O.J., Hellhammer, J., Neumann, 1.D., 2015. Salivary oxytocin concentrations
in response to running, sexual self-stimulation, breastfeeding and the TSST: The
Regensburg Oxytocin Challenge (ROC) study. Psychoneuroendocrinology 62,
381-388.


http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0220
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0220
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0225
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0225
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0225
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0225
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0230
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0230
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0235
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0235
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0235
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0235
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0240
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0240
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0240
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0245
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0245
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0250
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0250
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0255
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0255
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0255
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0260
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0260
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0260
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0260
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0265
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0265
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0265
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0265
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0270
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0270
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0270
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0270
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0275
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0275
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0275
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0275
http://refhub.elsevier.com/S0306-4530(17)31257-X/sbref0275

50



6 Publication 2

Oxytocin-release-deficit and social cognition in craniopharyngioma patients

Marie-Luise Brandi, PhD (1), Dorothea Gebert, MD MSc (2), Anna Kopczak, MD (2;3),
Matthias K Auer, MD (2;4), Leonhard Schilbach, MD (1)

Affiliations:

1) Independent Max Planck Research Group for Social Neuroscience, Max Planck Institute of
Psychiatry, Munich, Germany.

2) Research Group Clinical Neuroendocrinology, Max Planck Institute of Psychiatry,
Munich, Germany.

3) Klinikum der Universtitdt Miinchen, Institute for Stroke and Dementia Research, Feodor-
Lynen-Str 17, 81377 Munich, Germany.

4) Medizinische Klinik und Poliklinik IV, Klinikum der Universitit Miinchen, Marchioninistr
15, 81377 Munich, Germany.

Keywords: neuropeptide, oxytocin, craniopharyngioma, emotion recognition, eye-tracking

51



52



t.)

- Check for
DOI: 10.1111/jne.12842 ‘ updates

ORIGINAL ARTICLE ounal of Newroendocrinolocy ANV TN oMM

Received: 25 September 2019 Revised: 19 February 2020 Accepted: 5 March 2020

Oxytocin release deficit and social cognition in
craniopharyngioma patients

Marie-Luise Brandi’ | Dorothea Gebert? | Anna Kopczak?® | Matthias K. Auer®
Leonhard Schilbach?

YIndependent Max Planck Research Group

for Social Neuroscience, Max Planck Abstract

Institute of Psychiatry, Munich, Germany Oxytocin is a neuropeptide known to affect social behaviour and cognition.

2Research Group Clinical
Neuroendocrinology, Max Planck Institute
of Psychiatry, Munich, Germany caused by a rare tumour affecting the pituitary and/or the hypothalamus relevant for
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1 | INTRODUCTION recognition.* Furthermore, a natural increase in oxytocin levels in

humans has been documented after physical exercise, social stress,
Originally considered to be limited to childbirth and maternal care, social encounters and sexual activity.” This is why oxytocin is now
the neuropeptide oxytocin has been shown to affect various func- being recognised as a key player in social cognition.®® A partic-
tions, such as prosocial behaviour,»? social motivation® and emotion ularly critical ingredient of social cognition is emotion processing:
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instantly recognising facial expressions as a particular emotion al-
lows for shifting attention towards it, inferring the underlying inten-
tions, and finally responding adequately within a social interaction.
Research indicates that oxytocin affects those automatic processes
of emotion recognition. A meta-analysis, for example, showed that
participants are better at identifying facial emotions after receiving
intranasal oxytocin,* and genetic research has recently linked emo-
tion recognition performance in women with a polymorphism in the
oxytocinergic pathway gene ARNT2. Furthermore, oxytocin has
been shown to affect automatic gaze behaviour in facial process-
ing.1%13 Thus, it has been suggested that oxytocin is essential for
regulating the salience of social information and orienting attention
towards socially relevant cues.’**”

Although smaller variations in social cognition skills likely fall
within the normal spectrum, social impairments have been rec-
ognised as core elements of various psychiatric disorders.*® Tackling
behavioural and neurobiological mechanisms of such impairments is
therefore likely to provide valuable insight into psychopathological
processes and may open up new treatment strategies. For example,
patients with autism-spectrum disorder (ASD) show profound dif-
ficulties in social interactions, a finding that in turn led to the sug-
gestion that oxytocin might have a crucial role in ASD aetiology and
treatment.'>?° Polymorphisms in the oxytocin receptor gene,?! as
well as peripheral oxytocin levels,??2?% have previously been con-
nected to autistic traits. Yet, research results are still not consistent
to verify that an oxytocin deficit is present in ASD.?* Still, some stud-
ies could show that oxytocin administration alleviates certain social
deficits in ASD, with patients, for example, showing better perfor-
mance in emotional recognition of faces after oxytocin administra-
tion.?>?® As another example, patients with chronic depression have
been found to show attentional biases towards negative stimuli such
as sad over happy faces. Intranasal oxytocin nearly normalises this
bias by enhancing selective attention towards positive stimuli, this
way re-shaping the patients’ social cognition process from a very
early perceptual step onwards.?’

Until now, research in humans has been assessing the link be-
tween oxytocin and social cognition either with healthy subjects or
with patients selected as a result of their social cognitive deficits
in the absence of neuroanatomical abnormalities. Recently, studies
have started to consider the link between oxytocin and social cog-
nition from another angle: are there patient groups with an oxytocin
release deficit as a result of specific anatomical lesions, and, if yes,
do these patients actually show relevant social cognitive deficits?

Oxytocin is mainly produced by magno- and parvocellular neu-
rones that to a varying degree are found in the bilateral supraoptic
(SON), paraventricular and accessory nuclei of the hypothalamus.?®??
Oxytocin is then released via the pituitary gland to the peripheral
blood stream. In addition to their pituitary projections, however,
magnocellular neurones have recently been demonstrated to si-
multaneously connect via long-range axonal projections directly to
various other brain regions, such as the amygdala, septum, nucleus
accumbens and hippocampus,®°32 this way directly affecting the

neural circuits of complex social behaviours via central oxytonergic

projec:tions‘33 Tumour lesions to oxytocin-producing hypothalamic
brain structures thus are likely to potentially lead to changes in social
behaviour. One group of patients who present with lesions to these
hypothalamic brain areas are patients with a rare peri-pituitary tu-
mour of the Rathke's cleft called craniopharyngioma. Because of its
specific growth pattern, this tumour type often damages both the pi-
tuitary gland and hypothalamus. Moreover, tumour treatment such as
surgery or radiotherapy may lead to hypothalamic damage. Previous
research has found a high prevalence for social and emotional defi-

cits in this patient group,34'35

although the underlying cause for the
higher rate of such deficits has not been established. Recently, sev-
eral studies have been able to show that the oxytocin system is im-
paired in these patients.“'38 Importantly, in healthy people, oxytocin
increases in different situations such as social stress, sexual stimu-
lation or physical exercise,” whereas craniopharyngioma patients
cannot release additional oxytocin in response to stimulation.®® This
is crucial because a recent meta-analysis has found that peripheral
oxytocin measures correspond to central oxytocin levels only after
stimulation but not at baseline levels.%? Changes in oxytocin release
might therefore more reliably characterise oxytocin-functioning than
baseline levels, particularly when relating oxytocin to central cogni-
tive processes and behavioural observations. Thus, an impairment of
this stimulus-driven release function might represent an interesting
player in healthy social processes, as well as psychopathology.40

In the present study, we therefore set out to assess the link
between the dynamic, stimulus-driven responsiveness of oxytocin
release on the one hand, and the automatic processes of social cog-
nition on the other. Experiments were carried out in collaboration

13¢ who measured

with a previously published study by Gebert et a
the responsiveness of oxytocin after exercise-induced stimulation in
craniopharyngioma patients and healthy controls. A subgroup of this
sample participated in the presently described social cognition par-
adigm. To compare general social characteristics between healthy
participants and patients, autistic traits, abilities to attribute mental
states and the capacity to experience pleasure in social encounters
were acquired with self-report questionnaires. Additionally, healthy
participants and patients performed a well-established comput-
er-based task measuring emotion recognition performance and re-
flexive gaze behaviour while viewing faces.'>*#2 The paradigm is
suited to quantify reflexive gaze behaviour toward informative re-
gions of a face for emotional categorisation. The clinical relevance
of this effect has been demonstrated in studies with autistic indi-

4344 hatients with borderline personality disorder®® and a

viduals,
case study of a patient with bilateral amygdala lesion.*? Importantly,
oxytocin administration modulates such automatic gaze behaviour
by increasing the percentage of saccades towards emotionally infor-
mative regions of a viewed face.1245

Based on the specific anatomical lesions impairing the oxyto-
cin system in craniopharyngioma patients and as shown by Gebert
et al,3® an oxytocin response deficit was known to be present in this
subgroup of patients. We therefore expected social cognition to dif-
fer between patients and healthy controls in three specific aspects.

First, regarding social characteristics, we hypothesised that patients
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would self-report higher autistic traits, as well as demonstrate re-
duced abilities to attribute mental states and lower experience of
social pleasure than healthy participants. Furthermore, we expected
patients to have reduced emotion recognition abilities in the applied
eye-tracking paradigm. Third, based on the salience theory of oxy-
tocin,*® we expected patients to show fewer reflexive saccades to-
ward emotionally relevant features of a face compared to healthy
participants, and we expected these differences in reflexive gaze

behaviour to be associated with the oxytocin release measures.

2 | MATERIALS AND METHODS
2.1 | Participants

The sample of the present study comprises a subset of craniophar-
yngioma patients who also participated in a study measuring differ-
ences in oxytocin levels in response to stimulation.%® Participants
were recruited through the Department of Neuroendocrinology at
the Max-Planck Institute of Psychiatry, Munich. The healthy control
group had no history of neurological or psychiatric disorder. Because
hormonal contraception has been shown to interact with oxytocin-
related social behaviour,*® healthy controls using hormonal contra-
ception were excluded. Patients continued to receive their standard
hormonal substitution depending on degree of pituitary insuffi-
ciency (Table 1). A detailed description of the recruitment process,
as well as of the collection of oxytocin measurements, is provided in
Gebert et al.*¢ A short overview of the applied oxytocin stimulation
paradigm is outlined further below.

As a result of prevalent vision impairments in this patient population
following tumour growth, pituitary surgery and radiation, not all patients
from the original sample could be included in the present study. Regarding
the eye-tracking measurements, it was ensured that the only patients
who participated were those who were able to see the presented visual
stimuli. To do so, visual acuity (VA) was measured with the Freiburg Visual
Acuity Test (FrACT)*8 in all participants. Furthermore, an adapted pe-
rimetry test was conducted prior to the experiments in which partici-
pants had to name letters appearing on different locations all over the
screen when fixating a cross in the middle. Participants showing a limited
field of vision particularly in areas of the screen relevant for the experi-
mental procedure were not included in the data sample. Based on these

criteria, 10 patients from the original study sample by Gebert et al®

were
not included because of relevant visual impairments. This left 13 patients
(P) who were diagnosed with a craniopharyngioma (six female; age: mean
[M], = 37.153, SD,, = 11.081; FrACT: M, = 0.447 SD,, = 0.008) and 23
healthy controls (HC) (11 female; age: M, = 36.826, SD, . = 12.995;
FrACT: M, = 0.447, SD, = 0.014) to participate in the eye-tracking ex-
periments. There was no significant difference in age or VA between the
=0.076,P,, =0.940; t,, 5, = 0.166, P, = 0.869).

groups (t age
To confirm that the present subsample of patients shows oxyto-

age 34
cin characteristics similar to the overall patient sample that originally
included the visually impaired patients measured by Gebert et al,*

we conducted t tests for comparison on a subset of the previously

o i erocncocinos AR AU

collected oxytocin data. As in the original sample, the present sub-
sample showed a decreased oxytocin release in response to stim-
ulation (A% oxytocin: M, = -7.898%; SD,, = 20.600) compared to
healthy controls (A% oxytocin: M, = 21.256%; SD,,. = 27.417)
U = 54.5, P < 0.001; Figure 2A), but no significant difference in
baseline levels (Oxy1: M, = 1.240 pg mLY; SD,,c = 1.078; Oxy 2:
M, = 1.903 pg mL?; SD, =1.432), U = 183, P = 0.865.

Patients’ degree of hypothalamic damage was assessed using an
established grading system for classification,*” which categorises
lesion extent into three grades: grade O = no hypothalamic lesion;
grade 1 = anterior hypothalamic lesions sparing mammillary bodies;
grade 2 = anterior and posterior hypothalamic lesion including mam-
millary bodies. Because it was not possible to acquire new structural
magnetic resonance imaging (MRI) images specifically for the present
study, the most recent acquired post-surgical anatomical MRl images
of the patients were evaluated by an independent radiologist. In the
present group of patients, MRI images of seven patients were rated
as showing no hypothalamic lesion (grade 0), whereas five patients
showed grade 1 lesions. For one patient, no MRI data were available.

All participants provided their written consent. The study
was approved by the local ethics committee and conforms to the
Declaration of Helsinki.

2.2 | Experimental procedures and analysis
2.2.1 | Questionnaires

To investigate group differences in the social domain, autistic traits,
social motivation and the ability to attribute mental states, self-re-
port questionnaires including the Autism-Spectrum Quotient (AQ),
the Anticipatory and Consummatory Interpersonal Pleasure Scale
(ACIPS®%2) and the “Reading the Mind in the Eyes” test (RMET>®)
were used. The AQ aims to measure the degree to which a person
shows preferences or behaviours that are related to the autism spec-
trum including the sub-scores social skills (AQ-S), communication
(AQ-C), attention switching (AQ-AS), attention to detail (AQ-AD)
and imagination (AQ-1). The ACIPS assesses the hedonic capacity
for social interactions and interpersonal engagement by measur-
ing anticipatory and consummatory social pleasure. The RMET is a
performance-based measure that evaluates an individual's ability to
attribute mental states and the understanding of complex emotions
from pictures of the eye region of a face.

2.2.2 | Oxytocin measurements

Only a short description of the oxytocin measurements is given here
(an overview is provided in Table 2). A detailed report of the stimula-
tion paradigm and specific preparation of oxytocin-samples is pro-
vided in Gebert et al.®¢ Data collection started at 8.30 am, with all
participants arriving in fasting state (food >12 hours, water >1 hour).

For stimulation, participants exercised on a bicycle ergometer
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Hormonal substitution of

TABLE 1 Pituitary insufficiency of
participating patients and the respective

insufficiency N % insufficiency N % L
hormonal substitution
Gonadotrophic insufficiency 11 84.6 Any gonadotrophic 9 81.8
substitution
Intramuscular testosterone 4 75.0°
(M)
HCG (M) 1 25.0°
Transdermal oestradiol + oral 4 66.7°
progesterone (W)
No substitution as a result of 2 33.3°
menopausal age (W)
Adrenal insufficiency 10 76.9 Oral glucocorticoid 10 100.0
Central hypothyroidism 12 92.3 Oral levothyroxine 12 100.0
Diabetes insipidus 8 61.5 Nasal spray or oral 8 100.0
desmopressin
Growth hormone deficiency 12 92.3 Subcutaneous somatropin 6 50.0

Abbreviations: HCG, human choriongonadotrophin; M, men; W, women.

Transdermal oestradiol + oral progesterone are administered every 14 days for 10 days.

20f those having gonadotrophic insufficiency, % of men and women is shown separately.

When to
measure lactate

Wattage

Exercise steps  Duration (min) (W)

Baseline salivary sample (Oxy1)

1 0-2 50 =
2 2-7 100 Between step 2
and 3
3 7-12 200 - age Between step 3
in years and 4
4 12-x (maximum 220 - age Every 2-3 min
overall 25) in years

Stimulated salivary sample (Oxy2)

(Kettler Ergometer TXI; Kettler, Ense, Germany) with stepwise in-
creasing wattage difficulty. Lactate in capillary blood was measured
repeatedly (Lactate Pro2%4) aining to standardise for individual exer-
tion. Both at baseline and after stimulation, saliva oxytocin was sam-
pled using a Salivette® (Sarstedt, Niimbrecht, Germany). Oxytocin
levels were quantified using a radioimmunoassay at an external
laboratory (RIAgnosis, Sinzing, Germany). Based on the obtained
absolute oxytocin levels (pg mL?), the relative value of change (A%
oxytocin; Oxy1: before stimulation; Oxy2: after stimulation) was
calculated, representing the individual's reactivity of the oxytocin

system in response to exercise-induced stress:

(Oxy2—0xy1)
Oxy1l

A% —oxytocin= %100

Termination of exercise

Stop after step 2 if
lactate >4.0 mmol L

Stop after step 3 if
lactate >4.0 mmol L

Stop when
lactate >4.0 mmol L
or after maximum of
25 min in duration
overall

TABLE 2 Detailed exercise paradigm
using a bicycle ergometer for oxytocin

stimulation (Gebert et a

|36)

2.2.3 | Experimental set-up

For the eye-tracking measurements participants were asked to
sit in a headrest in front of a monitor (Intel Core i5-4690 CPU
[Intel, Santa Clara, CA, USA], 3.5 GHz, 8 GB RAM, MS Windows
7 Enterprise [Microsoft Copr., Redmond, WA, USA], refresh
rate = 59 Hz), an eye-tracking system (SR Research, Ottawa, ON,
USA) and a standard computer keyboard. The distance between
the eyes of the participants and the monitor was approximately
670 mm and, for the camera of the eye-tracker, approximately
500 mm. The experiment was presented with a resolution of
1024 x 768 pixels with presenTATION, version 18.0 (Neurobehavioral
Systems, Inc., Albany, CA, USA). Participants remained in the de-
scribed position for the FrACT, the perimetry test, as well as the

experiment itself.
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2.2.4 | Emotion recognition task

A well-established emotion recognition task was used to evaluate dif-
ferences in both emotion recognition capabilitiesm as well as auto-
matic gaze behaviour during the task, and the experimental procedure
applied in the study was similar to that employed in previously pub-
lished articles using the same task.}?>***2 The stimulus set included 24
different individuals (12 female) retrieved from the FACES database.*®
Each individual was shown six times within the experiment, express-
ing three different emotions (happy, fearful, and angry). The individu-
als depicted in the image were young (n = 8), middle-aged (n = 8) or old
(n = 8) as categorised by ratings of the used database. All images were
cropped to show only the facial features excluding the hair, and they
were transferred into black and white scale and adjusted for lumi-
nance with the SHINE toolbox.” The visual angle across all faces was
approximately 13° vertically and 9° horizontally. In total, 144 trials
were acquired (36 trials per emotion). In this paradigm, the faces were
shown briefly for 150 ms after the presentation of a fixation cross
for 2 seconds. Afterwards, a blank screen was shown for 1850 ms,
followed by another fixation cross for 2 seconds. The faces were pre-
sented only for a short period of time, so that the recorded eye move-
ments only occurred after the offset of the stimulus. The facial images
were either shifted up leading to an initial fixation of the mouth of the
presented face in half of the trials, or were shifted down leading to an
initial fixation of the eye region of the face. Participants were asked, in
half of the trials, to categorise the faces according to one of the three
possible emotions (happy, fearful, angry) and, in the other half, accord-
ing to the age of the individual of the photo (young, middle or old)
by button presses. A screen with the cue “Emotion?” or “Age?” was
presented before the initial fixation cross for 2 seconds to instruct the
participant which of the two categorisations had to be performed in
the given trial (Figure 1). The age condition was included as a control
condition to ensure that possible group differences in performance
are not a result of general difficulties in processing of facial features
but rather to emotional processing. The task was trained before the
actual experiment to ensure all participants were familiar with button
assignments. The presentation of conditions was randomised across
participants and all faces were presented multiple times depicting all
emotions both in the emotion or age condition. After the experiment
participants had to rate the difficulty of the two categorisation tasks

on ascale from 1 to 5 (1 = very easy; 5 = very difficult).

2.2.5 | Statistical analysis

Data analysis of button presses, eye-tracking measurements, sta-
tistical analysis and data visualisation was conducted with MATLAB
(MathWorks Inc., Natick, MA, USA) and spss, version 25.0 (IBM
Corp., Armonk, NY, USA). The present study includes groups with
an unequal group-size, as well as a small sample size, which can
lead to differences in variance between groups and non-nor-
mal distributions. Levene's test for equality of variance and the

Shapiro-Wilk test for normality were conducted for the data to
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apply the appropriate statistical procedures. The results of the
tests are shown in Table 3.

The Levene's test for equality of variance showed no signifi-
cant differences in variance for any of the questionnaire scores
and the oxytocin measures. The test for normality revealed that
the ACIPS scores and the oxytocin measures of the healthy con-
trol group were not normally distributed. Therefore, a two-sample
t test was used to test for significant differences in AQ, the AQ
sub-scores and RMET, whereas a Mann-Whitney's U test was used
to test for differences in ACIPS scores and the oxytocin measures
between groups.

Performance in the emotion and age categorisation in the emo-
tion recognition task is represented as the percentage of correct re-
sponses (% correct responses). The Levene's indicated a difference
in variance between groups for the category emotion. To account
for the difference in variance and skewness of data, the suggestion
by Skovlund & Fenstad®” is followed to transform data to a nor-
mal distribution (a Box Cox transformation is applied) and to use a
one-sided Welch t test to investigate group-related differences of
performance in the two conditions. A higher performance for the
healthy controls in the emotion categorisation is assumed. One-
sample t tests were used to test whether the performance of each
group for both categorisation tasks was above chance level (33.33%)
and a two-sample t test was used to test whether the performance
differed across groups between the different categorisation tasks.

An ANOVA with the factor condition as within-subject and group
as a between subject factor was conducted to evaluate condition or
group-specific differences in experienced difficulty, as well as pos-
sible interactions of these factors. The test for equality of variance
was not significant for the data on reported difficulty.

For the eye-tracking analysis, the main measure of interest was
the first automatic saccade that derived 1° from the initial fixa-
tion towards the other relevant facial feature (eyes or mouth; the
expected direction of the saccade is indicated by black arrows in
Figure 1). The results are presented as the percentages of occur-
ring fixation changes (% fixation changes). Fixation changes were
expected in both categorisation conditions, since it has previously
been shown that the automatic gaze response acquired in this type
of paradigm occurs similarly in different categorisation tasks when
faces are shown.’® Therefore, the trials from both the emotion and
age conditions were pooled to quantify the percentage of fixation
changes towards facial features during emotional processing. A2 x 3
ANOVA with the factor group as a between-subject measure was
conducted including the factors initial fixation (mouth and eye) and
emotion (angry, fearful, happy) as within-subject factors.

To investigate whether oxytocin baseline levels or oxytocin re-
sponsiveness to stimulation is related to automatic gaze during emo-
tional processing, A% oxytocin and baseline levels were correlated
to the % fixation changes in a partial Pearson correlation across
the whole group including the factor group as a control variable. A
one-tailed correlation was applied because previous literature sug-
gests a positive association between oxytocin and reflexive gaze

behaviour.>*
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2000 ms

2000 ms

2000 ms
2000 ms

1850 ms

Shapiro-Wilk test

FIGURE 1 Experimental time course.
Each trial starts by either showing the
cue “Emotion?” or “Age?”, followed by a
fixation cross. After that, a face is shown
for 150 ms either moved downwards so
the initial fixation is located on the eyes
(upper) or upwards so the initial fixation is
located on the mouth (lower). The arrows
layered over the face are not shown
during the experiment but indicate the
direction of the saccade that is measured
in the analysis. The face is followed by a
blank screen and another fixation cross

2000 ms

2000 ms

TABLE 3 Statistical measures of the
Levene's test for equality of variance and

P Shapiro-Wilk test for normality for all

Levene's test HC
F df P w P
AQ 0.980 34 .329 0.923 .074
ACIPS 0.328 58 .570 0.668 <.001
RMET 0.418 33 .522 0.936 168
%A oxytocin 1.033 34 316 0.881 .012
emotion 8.478 34 .006 0.865 .005
categorisation
Age 0.0895 34 766 0.969 .659
categorisation
% fixation 0.032 34 .858 0.934 135
changes

measures of interest

w P

0.934 .388
0.938 434
0.956 .688
0.944 512
0.742 .002
0.887 .089
0.956 697

Abbreviations: ACIPS, Anticipatory and Consummatory Interpersonal Pleasure Scale; AQ, Autism-
Spectrum Quotient; HC, healthy control; P, patient; RMET, “Reading the Mind in the Eyes” test.

3 | RESULTS

3.1 | Questionnaires

To investigate differences in autistic traits, social hedonia and
abilities to attribute mental states between healthy controls and
patients, statistical tests comparing group differences were con-
ducted. Autistic traits were significantly higher in the patient group
compared to healthy controls as depicted in Figure 2B. Particularly,
the AQ sub-scores AQ-S and AQ-AS were significantly higher in
the patient group. In case of the ACIPS, a significant difference
between the groups was found using Mann-Whitney's U test. No
significant difference was found for the RMET between groups
(Figure 2C,D). All descriptive and test-statistical values are shown
in Table 4.

3.2 | Emotion recognition task

As a result of a significant difference in variance in the percentages
of correct responses between groups tested by the Levene's test of
equal variance and skewness of data, the data were transformed to
a normal distribution and a Welch's test was chosen for the anal-
ysis. The test revealed a significant difference between the mean
percentages of correct responses in the performance of the emo-
tion categorisation for patients (M, = 80.876%, SD, = 17.341) com-
pared to healthy controls (M, = 90.036%, SD,, = 6.104, t = -1.819,
P = 0.046). The performance in the age categorisation task was not
significantly different between patients (M, = 53.738%, SD,, = 7.965)
and healthy controls (M, = 55.193%, SD,, = 8.036, t = -0.521,
P = 0.606). Testing the differences between the performance of

the two categorisation tasks across the whole group revealed that
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TABLE 4 Descriptive statistic of
self-report measures and test-statistical

measures Group
AQ P
HC
AQ-S P
HC
AQ-AS P
HC
AQ-AD P
HC
AQ-C P
HC
AQ-I P
HC
RMET P
HC
ACIPS P
HC

Test statistic

N Mean SD t df P
13 19.076 6.317 2.506 34 .008
23 14.130 4.722
13 3.153 2.409 2.058 34 .023
23 1.608 2.0167
13 5.307 2175 2.500 34 .008
23 3.869 1.290
13 5.076 2.396 0991 34 164
23 4.260 2.359
13 2.538 1.983 0931 34 179
23 1.956 1.691
13 3.000 1.154 0.890 34 .189
23 2.434 2.106
13 25.538 3.098 1121 33 .864
22 24.227 3.476

u P
13 78.076 12.757 87 .029
22 85.045 14.636

Abbreviations: ACIPS, Anticipatory and Consummatory Interpersonal Pleasure Scale; AQ,
Autism-Spectrum Quotient; AQ-AD, attention to detail; AQ-AS, attention switching; AQ-C,
communication; AQ-I, imagination; AQ-S, AQ sub-scores: social skills; HC, healthy control; P,
patient; RMET, “Reading the Mind in the Eyes” test.

the performance of the emotion categorisation (M = 86.728%,
SD = 12.101) was significantly higher compared to the age catego-
risation (M = 54.667%, SD = 7.927, t = -17.300, P < 0.001). A one-
sample t test against the value of 33.33% across the whole group
showed that performance was significantly higher than chance
level in the categorisation of age (t = 16.149, P < 0.001) and emotion
(t = 26.475, P < 0.001). Results are illustrated in Figure 3A.

The analysis on condition and group effects of experienced dif-

ficulty in the two conditions revealed a significant main effect for
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condition (F1,34 = 57.805, P < 0.001, n2 = 0.629) indicating higher
difficulty in the emotion compared to the age condition (emotion:
M, =2.269;SD,=0.599; M,,=2.000; SD,, =2.000; age: M, = 3.385;
SD, = 0.870; M, = 3.174; SD, = 0.717), although no significant
group x condition interaction (F, 5, = 0.31, P < 0.862, n? = 0.000), nor
a significant effect for group differences (F1,34 =0.844, P < 0.365,
n? = 0.024).

The 2 x 3 ANOVA of % fixation changes showed a significant

main effect for fixation (higher percentage of % fixation changes
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FIGURE 2 Plots showing the raw data points scattered over a 95% confidence interval (box) and one SD (vertical black line), as well as
the mean (horizontal black line) for A% oxytocin (A), Autism-Spectrum Quotient (AQ) scores (B), RMET (“Reading the Mind in the Eyes”)
test scores (C) and Anticipatory and Consummatory Interpersonal Pleasure Scale (ACIPS) scores (D). The asterisk (*) indicates a significant
difference of P < 0.05. Patients (P) are shown in blue; healthy controls (HC) are shown in yellow
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FIGURE 3 A, Plot showing the % correct responses for the emotion and age categorisation as raw data points scattered over a 95%
confidence interval (box) and one SD (vertical black line), as well as the mean (horizontal black line). The patient's data (P) are shown in
blue; healthy controls (HC) are shown in yellow. The dashed horizontal line indicates the chance level of 33.33%. B, Scatter plot showing
the association between % fixation changes and A% oxytocin. The patient's data (P) are shown as blue dots; the data depicting the healthy

controls (HC) are shown as yellow dots

for initial fixation on mouth) and a significant interaction between
fixation and emotion. No significant differences for the groups or
group % condition interactions were found. All descriptive statistics
for each condition are shown in Table 5 and all statistical measures
are shown in Table 6.

The partial one-tailed correlation between % fixation changes
(M = 60.165%, SD = 23.354) and A% oxytocin (M = 10.713%,
SD = 28.673), controlling for group effects, showed a significant
association between the extent of oxytocin release in response
to stimulation and reflexive gaze behaviour across both groups
(r=0.327, P =0.027) (Figure 3B). A partial one-tailed correlation be-
tween baseline oxytocin measures (M = 1.480 pg mL?, SD = 1.237)
and % fixation changes did not show significant results (r = -0.006,
P =0.487).

TABLE 5 Descriptive statistic of % fixation changes for each
condition
P HC
Condition Mean SD Mean SD
Fear Eye 42.628 8.381 50.000 6.301
Mouth 71.474 7.889 70.290 5.931
Angry Eye 39.744 8.414 51.449 6.326
Mouth 70.513 7.566 75.543 5.688
Happy Eye 44.551 8.847 58.696 6.651
Mouth 70.192 7719 67.391 5.803

Note: The condition label “Eye” or “Mouth” indicates whether the initial
fixation was positioned in that region of the face.
Abbreviations: HC, healthy control; P, patient.

4 | DISCUSSION

The present study aimed to assess the relationship between the
endogenous oxytocin system and social cognition. Accordingly, we
tested social cognitive abilities in healthy participants, as well as in
craniopharyngioma patients who exhibit an oxytocin response defi-
cit following pituitary and hypothalamic lesions. Compared to the
control group, patients showed increased autistic traits as well as a
lower capacity to enjoy social interactions. Abilities to attribute men-
tal states as measured by the RMET, however, were similar between
patients and controls. Regarding automatic emotional processing,
patients showed more difficulties in the categorisation of emotion
despite showing similar accuracy as healthy controls when categoris-
ing age, suggesting an emotion-specific impairment in face process-
ing. Third, although reflexive saccades towards emotionally relevant
regions of the face were positively related to an increased A% oxy-
tocin, gaze behaviour, unexpectedly, did not differ between groups.

4.1 | Social cognition in craniopharyngioma patients

Difficulties in social communication and interaction are assumed to
lie on a continuum, across the population with a diagnosis of ASD
and people without the diagnosis. In the present study, autistic traits
were measured with the AQ, which measures autistic-like behav-
iours concerning social skills, communication, imagination, attention

switching and attention to detail.*®

Our results indicate that, regard-
ing these traits, craniopharyngioma patients range in between these
groups. Importantly, although higher than in healthy controls, the score
was still below the suggested clinically relevant cut-off of 32 points.
More specifically, we found significant differences in the AQ sub-

scores measuring social skills (AQ-S) and attention switching (AQ-AS).
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TABLE 6 Statistical measures of the 2 x 3 ANOVA of % fixation
changes

ANOVA
F df P n?
Within-subject effects
Emotion 0.829 2 441 0.024
Emotion x group 2218 2 117 0.061
Fixation 16.262 1 <.001 0.324
Fixation x group 0880 1 .355 0.025
Emotion x fixation 7487 2 .001 0.180
Emotion x fixation x group 1.995 2 144 0.055
Between-subject effects
Group 0.489 1 489 0.014

The results somewhat contradict the previous findings reported by

Daughters et al,%’

who found no difference in AQ scores for patients
with hypopituitarism and central diabetes insipidus (CDI) compared to
healthy controls. This discrepancy might be a result of differences in
AQ measures (we used the 50-item AQ, Daughters et al*” applied the
28-item short version®), as well as differences in patient groups (we in-
cluded craniopharyngioma patients with a defined hypothalamic dam-
age, Daughters et al*” included patients with anterior hypopituitarism
and an assumed lack of hypothalamic involvement). Next to the AQ,
the ACIPS measuring interpersonal pleasure is also different in patients
compared to healthy controls, which indicates that patients enjoy so-
cial encounters less than healthy individuals do. This is also in line with
the previously mentioned findings on the AQ because research has
shown that individuals with a greater number of autistic traits are more
likely to report lower scores in the ACIPS.%°

Furthermore, similar to patients with autism,*® more craniophar-
yngioma patients showed a reduced accuracy in a facial emotion
recognition task compared to healthy controls. Importantly, per-
formance was similar to healthy participants when categorising the
age of a viewed face, suggesting the deficit in face recognition to be
emotion-specific. These results are in line with a previous study by
Daugthers et al,*” who also found lower facial emotion recognition
scores in patients with hypopituitarism. Interestingly, our data show
that emotion recognition was not impaired in all craniopharyngioma
patients of our sample. This is comparable with a literature review
analysing the prevalence of neurobehavioural, social and emotional
dysfunction in this patient group across different studies, which
found that a high number (approximately 40% of patients), but not
all, show social as well as emotional impairments. More research is
needed to fully understand the variability within this patient group.

It is noteworthy that, in the present study, no significant dif-
ferences were found for the RMET. This is particularly interest-
ing because both the RMET and the emotion recognition task use
facial stimuli that need to be attributed to a certain intentional or
emotional state. A possible reason for this discrepancy could be the
specific experimental procedure of the implemented eye-tracking

paradigm in our study. In contrast to the RMET, the eye-tracking
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paradigm presents the stimuli only for 150 ms, not leaving suffi-
cient time for elaborate processing. Unfortunately, response times
were not acquired for the RMET and it is therefore not possible to
investigate whether patients might have taken more time to answer
the questionnaire. The difference seen in the eye-tracking paradigm
suggests that difficulties in social behaviour in craniopharyngioma
patients might rather be related to fast automatic processes during
emotion recognition instead of longer evaluations of facial features.
This is important because real-time social interactions with another
person likely rely exactly on such fast subconscious processing of
multiple sensory cues, making this kind of fast-processing deficit
even more relevant. Another factor influencing the RMET scores
and possibly leading to the unexpected results is the difficulty of the
RMET items. Domes el al.®* have shown that differences in RMET
scores after the application of oxytocin is most pronounced in diffi-
cult items. In relation to the data presented in the present study, this
could suggest that participants with an oxytocin deficit might per-
form worse in the difficult items of the task, but these effects might
be less pronounced in the total score. In contrast to our results, the
previously mentioned study by Daughters et al®’ indeed found dif-
ferences in the RMET in patients with hypopituitarism and, across
patients and healthy controls, lower RMET scores were associated
with lower salivary oxytocin levels. It is therefore also possible that
a failure to detect significant differences between patients and con-
trols might be a result of the limited sample size of the present study.

Given that the present study yielded results comparable to those
of previous research despite applying a different emotion recognition
paradigm in a different patient sample, our findings provide further
support for the notion that reduced automatic emotional processing
abilities might represent a pathological feature for some craniophar-
yngioma patients. Because emotion recognition deficits have been
shown to be relevant in other psychopathologies including mood disor-

6263 sch differences in automatic

ders and social interaction disorders,
emotion recognition might at least partially account for the clinically
observed difficulties in social behaviour in craniopharyngioma pa-
tients. It should be noted, however, that previously reported difficul-
ties in social and emotional functioning cannot fully be explained by
the oxytocin release deficit found in patients because we could not
demonstrate differences in automatic gaze behaviour during emo-
tional processing, and there was considerable heterogeneity in emo-

tion recognition abilities within the patient group.

4.2 | Responsiveness of the oxytocin system in
psychopathology

To better define the previously observed link between oxytocin
and social cognitive processes, we applied an eye-tracking para-
digm to measure the association between oxytocin and auto-
matic gaze behaviour during emotional processing. According to
the social salience hypothesis, oxytocin is essential for regulat-
ing the salience of social information and orienting attention to-

1

wards socially relevant cues,® such as by redirecting gaze towards
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informative regions of the face.!! In keeping with this concept,
we found that, across the whole study population, participants
with a greater oxytocin response to stimulation also showed more
fixation changes towards relevant facial areas. Unexpectedly, we
found no significant difference in average fixation changes be-
tween groups.

As predicted further, changes in gaze behaviour were only found
to be associated with A% oxytocin, and not with baseline levels.
This particular differentiation matches well with the current notion
that oxytocin can act as a dynamic neuromodulator on social cog-

6465 responding to stimulation.® Particularly in response to

nition
social and emotional cues, oxytocin pathways are likely to become
activated, and not only trigger peripherally measurable changes in
oxytocin levels, but also simultaneously stimulate activity in specific
central neural populations, in this way mediating complex social be-
haviour.3¥%¢ For example, in a recent optogenetic study in rodents,
it was demonstrated that triggering axonal oxytocin release in the
central amygdala decreased previously conditioned fear responses
in rats.’° There is also evidence for oxytocin-mediated activity of the
amygdala in humans: face perception®” and reflexive gaze behaviour
during emotion recognition have been shown to be closely related to
neural activation in the amygdala.** The amygdala was also found to
be strongly modulated by oxytocin administration? and is assumed
to have a key role in attentional processes reorienting to salient stim-
uli.}® An oxytocin release deficit affecting central axonal projections
might therefore be of clinical relevance in various social interaction
disorders, and the responsiveness of the endogenous oxytocin sys-
tem might present a key player in the understanding of the underly-
ing psychopathological processes.

Another important aspect to discuss regards the success of
treatment approaches with oxytocin. A case report of a cranio-
pharyngioma patient indicated improvements in social behaviour
after oxytocin administration.®® In that case study, oxytocin ad-
ministration led to increased motivation for social behaviour in
the patient as well as an improvement in showing affection to-
wards the family. A study by Hoffmann et al®” showed that the
effects of oxytocin administration were related to the patient's
lesions. Emotional processing was only improved in patients with
less severe lesions only limited to the anterior hypothalamus. The
patients included in the present study had either no damage to
the hypothalamus or only to the anterior hypothalamus. A recent
meta-analysis on the effects of intranasal oxytocin administration
in neurodevelopmental disorders on the other hand showed only
limited improvements in social cognitive abilities across several
studies.”® Based on the stimulus-dependent nature of oxytocin
and its effects in directing attention to social cues, treatment ap-
proaches should likely focus on coupling oxytocin administration
with the right stimulus at the right time. In accordance with this
notion, coupling targeted psychotherapy with oxytocin has already
produced promising results in recent clinical studies, reducing de-
pressive symptoms in patients with post-traumatic stress disorder
7! and improving self-evaluation in patients suffering from social

anxiety.”? In patients with social interaction difficulties, combining

a stimulus-driven oxytocin administration with psychotherapy ap-
proaches like social interaction training might yield better treat-

ment effects in the future.

4.3 | Limitations

The limitations of the present study include the small number of pa-
tients and a resulting unequal size of tested groups. This is mainly
a result of the rarity of cases and also the strict inclusion criteria
for patients excluding any basic deficits in vision that could bias the
results in the behavioural eye-tracking paradigm. The patients in-
cluded in the present study also had either no damage to the hypo-
thalamus or only to the anterior hypothalamus because the patients
with more extensive damage showed concurrent visual deficits and
thus had to be excluded. Furthermore, there is a vast body of litera-
ture indicating that oxytocin-effects depend on sex.”>’* It is thus
likely that an oxytocin release deficit might have differential effects
in male and female patients and thus might warrant sex-specific
treatment approaches. Unfortunately, because of the small sample
size, a sex-specific analysis was not possible in the current sample
and should thus be explored in future studies.

Lastly, because direct measurement of central oxytocin levels in
humans is not possible, the present study uses peripheral salivary
oxytocin levels to infer central oxytocin dynamics and their link with
social cognition. This inference is supported by different findings.
First, there is evidence from animal studies indicating that the same
hypothalamic neural populations project simultaneously to periph-
eral and central release sites.®® Second, this simultaneous release is
likely triggered in response to social and emotional cues.”>”® Third,
salivary oxytocin levels, in contrast to plasma levels, have been
shown to correlate with cerebro-spinal fluid-levels in humans.””

Taken together, this suggests that finding a reduced oxytocin re-
sponsiveness (as seen for salivary levels in the present patient sam-
ple) might reflect an impaired central oxytocin release.

Given the closer anatomical proximity of the SON to Rathke's
cleft in comparison to the paraventricular nucleus, one might even
speculate that SON-projections are more likely to be affected in our
patient sample, in turn theoretically helping to narrow down the spe-
cific neural circuits and associated social behaviours affected by this
tumour. However, the available imaging data did not provide a suffi-

ciently high resolution to allow for such differentiation.

5 | CONCLUSIONS

Taken together, the results of the present study suggest three
main conclusions. In the present sample, craniopharyngioma pa-
tients show increased autistic traits, lower interpersonal pleasure
and more difficulties in fast emotion categorisation, whereas the
basic processing of facial features appears to be intact. Second,
our results emphasise the importance of investigating the dy-

namics of the oxytocin response by showing that, across groups,
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the reactivity of the oxytocin system is related to automatic gaze

behaviour when viewing emotional facial expressions. Third, the

reactivity of the oxytocin system instead of baseline levels might

thus represent a feature particularly relevant for fast automatic

emotional processing.
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