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Abstract
Purpose The hypothalamic hormone oxytocin plays a
major role in regulation of behavior and body composition.
Quality of survival is frequently impaired in childhood
craniopharyngioma patients due to sequelae such as beha-
vioral deficits and severe obesity caused by tumor or
treatment-related hypothalamic lesions.
Methods In our pilot cross-sectional study, we analyzed
emotion recognition abilities and oxytocin concentrations in
saliva and urine before and after single nasal administration
of 24 IU oxytocin in 10 craniopharyngioma patients. Four
craniopharyngioma presented with grade I lesions (limited
to anterior hypothalamic areas) and 6 craniopharyngioma
with grade II lesions (involving mammillary bodies and
posterior hypothalamic areas). Emotional tasks were
assessed before and after administration of oxytocin using
the Geneva multimodal emotion portrayals corpus and the
Multidimensional Mood Questionnaire.

Results All patients presented with detectable levels of
oxytocin before administration. Nasal administration of
oxytocin was well-tolerated and resulted in increased oxy-
tocin concentrations in saliva and urine. After oxytocin
administration, craniopharyngioma patients with postsurgical
lesions limited to the anterior hypothalamus area showed
improvements in emotional identifications compared to cra-
niopharyngioma patients with lesions of anterior and pos-
terior hypothalamic areas. Focusing on correct assignments
to positive and negative emotion categories, craniophar-
yngioma patients improved assignment to negative emotions.
Conclusions Oxytocin might have positive effects on
emotion perception in craniopharyngioma patients with
specific lesions of the anterior hypothalamic area. Further
studies on larger cohorts are warranted.

Keywords Craniopharyngioma ● Hypothalamus ● Obesity ●

Oxytocin ● Neuropsychology ● Social cognition

Introduction

Oxytocin is a pituitary neuropeptide hormone synthesized by
paraventricular and supraoptic hypothalamic nuclei. Through
the neurohypophysis, oxytocin is secreted into the systemic
circulation to act as a hormone, thereby influencing several
body functions. Oxytocin plays a pivotal role in parturition
and maternal behavior and has been demonstrated to be
important in the formation of pair bonding between mother
and infants as well as in mating pairs. Furthermore, oxytocin
has been proven to play a key role in the regulation of body
weight [1, 2] as well as several behaviors associated with
neuropsychiatric disorders, including social interactions,
social memory, response to social stimuli, decision-making
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in the context of social interactions, feeding behavior, and
emotional reactivity [3]. An increasing body of evidence
suggests that deregulations of the oxytocinergic system might
be involved in the pathophysiology of certain neu-
ropsychiatric disorders such as autism, eating disorders,
schizophrenia, and anxiety disorders. The potential use of
oxytocin in these mental health disorders is attracting
growing interest since numerous beneficial properties are
ascribed to this neuropeptide [4–10].

Childhood-onset craniopharyngiomas (CP) are rare
embryonal malformations of the sellar region [11]. CPs
show low-grade histological malignancy and frequently
affect hypothalamic and pituitary regions. Hypothalamic
involvement of CP is resulting in neuroendocrine deficits,
neuropsychological disorders, pathological patterns of eat-
ing behavior, and obesity with major negative impact on
prognosis and quality of life in surviving patients [12–16].
The most consistent findings in the neuropsychological
domain are deficits in learning and episodic memory, lar-
gely sparing other memory components [17, 18], and social-
emotional deficits such as emotional lability, rage attacks,
and social withdrawal [19–21]. Social and emotional dys-
functions have only recently gained more attention and may
indicate reduced integrity in fronto-limbic circuitries. In a
first systematic review on neurobehavioral dysfunction in
CP patients, Zada et al. [21] speculated that impaired social
interaction may relate to oxytocin deficiency. In the healthy
brain, there is a high density of oxytocin receptor binding
sites in limbic areas and it is assumed that the effects of
oxytocin on social-emotional processes are mediated by the
limbic system [22]. In CP patients, an fMRI study using a
face recognition memory task indicated alterations in the
patients’ fronto-limbic areas. Compared to healthy controls,
the patients’ amygdala revealed a higher reactivity for
emotional relative to neutral faces and a differential
recruitment of fronto-limbic brain areas during correct trials
in the recognition phase was observed [23]. Deficits in
emotional and social emotional domains have been linked
in several neuropsychiatric disorders with oxytocin, and
nasal delivery of oxytocin has in many cases shown clear
improvements in tasks requiring these skills. A recent case
study about a parent having observed neurobehavioral and
pro-social improvement with oxytocin therapy following
surgical resection of their child’s CP [24], is supporting
earlier reports on oxytocin effects on social cognition and
affiliative behavior [5–7].

In the present study, we evaluated oxytocin concentra-
tions in saliva and urine after administration of a single dose
of oxytocin in 10 CP patients. We hypothesized that oxy-
tocin will influence emotion recognition, which is a sig-
nificant component of social cognition. To assess emotion
recognition abilities, we used an experimental task, probing
the perception and identification of emotions in vocal

expressions before and after oxytocin administration.
Similar to facial expressions, which are much more fre-
quently studied, the identification of the emotional sig-
nificance of vocal expressions or autonomic responses to
human affective sounds were also shown to be enhanced
with oxytocin administration [25, 26].

Patients and methods

Patients

For this study, 466 patients with childhood-onset CP,
recruited in the German Craniopharygioma Registry and
evaluated in the multicenter trials HIT Endo, KRANIO-
PHARYNGEOM 2000 (Clinical Trial No.: NCT00258453)
and KRANIOPHARYNGEOM 2007 (Clinical Trial No.:
NCT01272622) were identified to fulfill the inclusion cri-
teria for this trial. Patients were supposed to be at minimum
age of 18 years at time of evaluation and suffering from
proven hypothalamic lesions. Patients suffering from car-
diac failures or arrhythmia were excluded from the trial to
avoid potential cardiac side effects of oxytocin treatment. In
addition, patients with severe visual limitation were exclu-
ded because of need of visual capacity in visual based
neuropsychological tests. Ten patients finally agreed to
participate. Participants were analyzed for actual weight and
height at time of study. The degree of obesity was evaluated
by calculating the BMI SDS according to the references of
Rolland–Cachera et al. [27]. The histological diagnosis of
adamantinomatous CP was confirmed by reference assess-
ment in all cases. Hypothalamic involvement of CP was
assessed by magnetic resonance imaging (MRI). Pre-
operative hypothalamic involvement was defined as invol-
vement of hypothalamic structures either by tumor growth
into the hypothalamus or displacement of hypothalamic
structures by the tumor. Surgical hypothalamic lesions were
assessed on postoperative MRI based on a previously
published grading system [28, 29] by a neuroradiologist
blinded for the clinical data. Actual medication was eval-
uated and because of potential cardiac side effects of oxy-
tocin, each participant was checked for cardiac arrhythmia
by electrocardiogram before entering the trial.

Procedure

The trial started with the collection of a first urine and saliva
sample. While chewing a white cylindrical swab for 15 min
for saliva sampling, patients completed a mood ques-
tionnaire. Subsequently, patients performed in the experi-
mental paradigm, which lasted for 20–30 min. Then,
oxytocin was administrated intranasally. After an interval of
45 min, patients again were prompted to chew a cylindrical
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swab for 15 min for the second saliva sample and to com-
plete the mood questionnaire again. Subsequently, patients
performed in the second part of the experimental paradigm,
which lasted again for 20–30 min. Finally, the second urine
sample was collected about 90 min after oxytocin
administration.

Oxytocin analysis in saliva and urine

To measure oxytocin saliva concentrations, saliva was
collected before and 45 min after oxytocin administration
using a standardized method for saliva sampling. A white
cylindrical swab was chewed gently for 15 min and then
returned with the absorbed saliva. All salivettes were placed
immediately and kept on ice until centrifugation. After
centrifugation, saliva samples were stored frozen until
analysis. For urine measurement of oxytocin, urine samples
were collected before and 90 min after nasal oxytocin
administration and stored frozen until analysis.

Oxytocin concentrations in saliva and urine were quan-
tified by radioimmunoassay (RIA) (RIAgnosis, Sinzing,
Germany). In brief, for each sample 300 µl of saliva was
evaporated (SpeedVac, Thermoscientific Inc, Waltham,
MA, USA), and 50 µl of assay buffer was added followed
by 50 µl antibody (raised in rabbits against oxytocin). After
a 60-min preincubation interval, 10 µl 125I-labeled tracer
(PerkinElmer, Waltham, MA, USA) was added and samples
were allowed to incubate for 3 days at 4 °C. Unbound
radioactivity was precipitated by activated charcoal (Sigma-
Aldrich, St Louis, MO, USA). Under these conditions, an
average of 50% of total counts are bound with <5% non-
specific binding. The detection limit is in the 0.5 pg/sample
range, depending on the age of the tracer, with typical
displacements of 20–25% at 2 pg, 60–70% at 8 pg, and 90%
at 32 pg of standard neuropeptide. The intra-assay and inter-
assay variabilities were <10%. Serial dilutions of saliva
samples containing high levels of endogenous oxytocin run
strictly parallel to the standard curve indicating immune-
identity [30, 31].

Administration of Oxytocin

Each patient received a single intranasal administration of
24 UI oxytocin (Syntocinon® Spray, Novartis, Basel,
Switzerland) divided into three puffs per nostril.

Experimental paradigm and questionnaire

Perception and identification of emotional expressions in
voices was tested with verbal stimuli by the Geneva mul-
timodal emotion portrayals (GEMEP) corpus [32]. We used
an auditory emotion identification task rather than a visual
task to exclude that visual deficits, often present in CP

patients confound our results. The subset selected com-
prised 10 core emotional expressions (joy, pleasure, amu-
sement, relief, hot anger (rage), cold anger (irritation), panic
fear, despair, anxiety, sadness). Expressions of ‘pride’ and
‘interest’ were excluded due to the difficulty to recognize
them in the auditory modality. All emotional expressions
were embedded in two pseudo sentences, which sound
similar to a real but unknown language. The sentences
consisting of meaningless words were spoken by 10 pro-
fessional theater actors. The experiment was run on 15.4-
inch laptops (resolution 1440× 990) and the paradigm was
programed using Cogent 2000 (www.vislab.ucl.ac.uk/
Cogent). Each trial started with the presentation of a sim-
plified version of the Geneva emotion wheel, which was
adapted for the subset of stimuli chosen for our experiment
(Supplemental Fig. 1). During the presentation of the
emotion wheel, sentences were presented via headphones
and participants were instructed to assign by a mouse-click
the emotional expression perceived to the corresponding
expression depicted on the emotion wheel. Participants had
no time pressure and could replay the sentences as often as
needed. A total of 100 trials were presented during the
experiment, 10 trials for each of the emotions used. The
whole experiment lasted for 20–30 min, depending on the
individual speed of operation. For descriptive and infer-
ential statistics, we assessed (i) percent correct responses to
single emotions and (ii) percent responses assigned to one
of the emotions of corresponding emotion category. For the
latter analysis, we used the emotion categories suggested by
Banziger et al. [20].

Multidimensional mood questionnaire (MDMQ; Mehr-
dimensionaler Befindlichkeitsfragebogen [33]); The
MDMQ is an assessment instrument that measures the
current mental state with three bipolar subscales (good/bad
mood, alertness/fatigue, calmness/restlessness) with a total
of 24 items. Each subscale comprises eight adjectives, of
which four belong to the negative (e.g., “bad,” “uncomfor-
table”) and four to the positive (e.g., “well,” “satisfied”) pole.
These items are rated on a five-point likert scale ranging
from one (“not at all”) to five (“very”). The MDMQ can be
used to evaluate changes in mental states associated with
therapies and interventions. The completion of the ques-
tionnaire requires approximately 8 min and the possible
scores of each of the subscores range from 8 (bad mental
state) to 40 (good mental condition). The questionnaire was
used to assess possible influences oxytocin delivery may
have on mood, wakefulness, and arousal.

Functional capacity assessment

The German daily life ability scale Fertigkeitenskala Mün-
ster-Heidelberg (FMH) was used for self-assessment of
functional capacity [34]. The FMH measures the capability
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for routine actions. It was normalized with 971 persons
(45.5% female), ages between 0 and 102 years, resulting in
age-dependent percentiles. The average time for answering
the FMH questionnaire was 4.5 min in first-time users.

Statistical analyses

Data were analyzed using the statistical package SPSS,
version 24 (SPSS, INC., Chicago, IL). The Mann–Whitney
U-test was used for comparison of two independent groups
for a continuous variable. The chi-square test was used for
comparison of different groups for categorical variables.
Correlation between two variables was analyzed using the
Spearman correlation coefficient. Due to small sample size,
the interpretation of statistical findings is limited.

Results

The group of CP patients with hypothalamic lesions who
received a single nasal administration of oxytocin com-
prised 5 men and 5 women diagnosed with CP at an age
between 7.4 and 19.6 yr. Median age at study was 27 yr,
ranging from 20.4 to 41.8 yr. The characteristics of this trial
cohort in terms of BMI and functional capacity were
comparable with the total cohort of 250 CP patients with
hypothalamic lesions recruited in the German Craniophar-
yngioma Registry (Table 1). Postsurgical hypothalamic
damage was determined by neuroradiological analysis to be
grade I (anterior hypothalamic lesion) in 4 cases and to be
grade II (anterior and posterior hypothalamic lesion) in 6
cases. Time since diagnosis ranges from 10.2 to 31.9 yr
in patients with grade I lesions and from 4.1 to 25.6 yr in
patients with grade II lesions (Table 2) with no difference in
terms of follow-up interval between grade I and II patients.
All patients presented with detectable concentrations of
oxytocin in saliva and urine at baseline before administra-
tion of oxytocin (median baseline oxytocin concentration in
saliva: 0.32 pg/ml, range: 0.25–3.60 pg/ml; median baseline
oxytocin concentration in urine: 0.90 pg/ml, range:
0.42–1.59 pg/ml). The measurement of oxytocin saliva
concentration before and 45 min after application of oxy-
tocin as well as the measurement of oxytocin in urine before
and 90 min after administration showed, that oxytocin was
absorbed efficiently by nasal epithelium. In one case
(patient no. 3), the oxytocin concentration in saliva only
increased from 0.30 to 5.2 pg/ml, which might be explained
by ineffective spraying or reduced resorption due to nasal
obstruction. By detection of increased oxytocin urine con-
centrations after nasal administration it was proven that the
hormone was indeed systemically absorbed and not only
detectable in saliva due to high concentrations in the
nasopharynx after nasal administration (Table 3).

Results from the experimental task on emotion identifica-
tion showed slight improvements for four patients after the
application of oxytocin. In these patients, we observed an
increased percentage of correct assignments of emotional
vocal expressions to emotion categories. All these patients
presented with a postsurgical lesion of the anterior hypotha-
lamus (grade I). Task performance in the six remaining
patients with both, anterior and posterior lesions remained
stable or slightly worsened (Fig. 1a). An additional analysis,
separately focusing on correct assignments to positive and
negative emotion categories revealed that improvements in
performance in three of the patients with anterior hypotha-
lamic lesions (patient no. 1, 2, and 3) were largely due to an
improved assignment of negative emotions to the respective
emotion category (Fig. 1c). In addition, two of the three
patients (no. 1 and 2) showing improvements in this condition
had the lowest baseline performance of the whole group.
Similar results for all these analyses were obtained for correct
assignments to single emotions. Here, three of the participants
who showed improved performance after oxytocin adminis-
tration were those with the lowest baseline performance
(Fig. 2c; patients no. 1 and 2 with anterior hypothalamic
lesions and no. 8 with anterior and posterior hypothalamic
lesion). Possible effects of body weight on changes in task
performance from pre-oxytocin to post-oxytocin administra-
tion were assessed using scatter plots (Fig. 3).

The evaluation of oxytocin effects on the mental state of
patients’ with the Multidimensional Mood State Ques-
tionnaire (MDBF) revealed stable or improved mood after
oxytocin administration for most of the participants (Fig. 4).
Only few patients reported decreased mood (patient no. 3),
increased tiredness (patient no. 3, 8), or increased rest-
lessness (patient no. 4). There were no positive associations
between changes in mood and changes in task performance.
Changes in oxytocin urine and serum concentrations did not
significantly correlate with changes in neuropsychological
findings (GEMEP, MDMQ) before and after oxytocin
administration. Patients with grade I hypothalamic lesions
presented with a trend towards lower oxytocin urine con-
centrations (p= 0.06) at baseline before oxytocin adminis-
tration when compared with patients with grade II
hypothalamic lesion. The correlations between baseline
oxytocin urine concentration and oxytocin urine con-
centration after administration did not reach statistical sig-
nificance (P= 0.06). There was no correlation between
oxytocin concentrations in saliva and urine (p= 0.09).

Discussion

Oxytocin seems to be implicated in several and complex
social behaviors in a range of mammals [35, 36]. One of the
most studied aspects is the regulation of maternal behavior
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[36]. In particular, oxytocin promotes maternal care in
lactating rats and plays a key role in bond formation
between mother and offspring [5].

Oxytocin is also involved in the mechanisms regulating
the development of adult-adult pair in animal studies [37].
The identification of conspecifics is a crucial requirement
for the formation of pair bonds [38]; oxytocin takes part in
the processes that regulate social memory, in terms of social
learning and social recognition [39–41] and the pretreat-
ment with an oxytocin-receptor antagonist prevents this
ability in animal studies [39, 40, 42, 43]. The effects of
oxytocin on social behavior are complex and may be
dependent on the context in which they occur. In fact,

oxytocin seems to promote sociality when social cues in the
environment are interpreted as “safe” and oxytocin may
induce defensive behavior when the social cues are inter-
preted as “unsafe” [4, 44].

It is well known that “mind reading” is an essential basis
of human social interaction and the role that oxytocin plays
in the formation of social bonds is also related to its role of
promoting the understanding of the mental state of indivi-
duals from the interpretation of their facial cues [45].

Prader–Willi syndrome (PWS) is known for hyperphagia
with impaired satiety and a specific behavioral phenotype
with stubbornness, temper tantrums, manipulative, and
controlling behavior and obsessive-compulsive features.
PWS is associated with hypothalamic and oxytocinergic
dysfunction. In humans without PWS, intranasal oxytocin
administration had positive effects on social and eating
behavior, and weight balance [46]. A randomized double-
blind placebo-controlled study in 25 PWS patients sug-
gested that intranasal oxytocin administration (dose range
24–48 IU/day for 4 weeks) has beneficial effects on social
behavior and food-related behavior in PWS patients
younger than 11 years of age, but not in those older than 11
years [47].

On the other hand, Einfeld et al. [48] analyzed 30 PWS
patients aged 12–30 years in an 18-week randomized
double-blind placebo-controlled crossover trial. The only
difference found between the baseline oxytocin and placebo
measures was an increase in temper outbursts with higher
oxytocin doses. The authors speculated that the lack of
oxytocin effects might reflect the importance of endogenous
release of oxytocin in response to exogenous oxytocin.
Johnson et al. [49] examined overnight fasting plasma
oxytocin levels in 23 PWS children having genetic

Table 2 Individual patient characteristics of 10 craniopharyngioma patients participating in the pilot trail

Pat.no. Gender
(f/m)

Age at
diagno-sis
(yr)

Pre OP
HI
(grade)

Degree of
surgical
resection

Post OP
hypoth.
lesion
(grade)

Irra-
diation
(Gy)

Age at
study
(yr)

Follow-up
interval
(yr)

Endo-
crine
deficits
(no)

BMI at
study
(SDS)

Functional
capacity (FMH
perc.)

1 m 10.2 1 incomplete 1 51.0 20.4 10.2 3 1.30 64

2 f 10.5 1 incomplete 1 52.5 22.2 11.7 4 6.59 90

3 f 7.4 n.a. incomplete 1 none 39.3 31.9 3 3.18 50

4 m 10.8 n.a. complete 1 none 35.8 25.0 4 1.90 75

5 m 12.8 2 incomplete 2 none 27.0 14.2 3 9.25 95

6 m 17.1 2 complete 2 none 21.2 4.1 4 5.82 50

7 f 19.6 n.a. incomplete 2 52.0 33.5 13.9 3 8.07 95

8 m 16.2 n.a. incomplete 2 none 41.8 25.6 4 6.93 50

9 f 13.0 2 incomplete 2 24.0* 21.2 8.2 5 5.50 50

10 f 10.9 2 complete 2 none 19.5 8.6 3 13.39 45

F female, m male, yr years, HI hypothalamic involvement, Gy gray, BMI body mass index, FMH ability scale Fertigkeitenskala Münster-
Heidelberg, perc. percentile, n.a. not available

*γ-Knife.

Table 3 Oxytocin concentrations in saliva and urine of 10 childhood-
onset craniopharyngioma patients with hypothalamic lesions before
and after nasal administration of 24 IU oxytocin

Saliva oxytocin
concentration (pg/ml)

Urine oxytocin concentration
(pg/ml)

Pat. No Basal After Oxytocin
administration

Basal After Oxytocin
administration

1 0.28 87.30 0.42 2.06

2 2.24 75.95 0.57 1.32

3 0.30 5.21 0.58 4.23

4 0.25 87.30 0.59 95.34

5 n. a. n. a. 1.59 7.37

6 0.29 41.13 0.46 3.58

7 3.60 89.10 0.90 24.92

8 0.32 91.53 1.54 14.89

9 1.59 61.88 0.84 26.07

10 0.38 97.27 1.18 105.68

n. a. data not available
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confirmation and 18 age-matched healthy unrelated siblings
without PWS and a similar gender ratio. Oxytocin plasma
levels were significantly elevated in children with PWS
compared with unrelated and unaffected siblings without

the diagnosis of PWS and the diagnosis of PWS predicted
oxytocin level in controlled regression analysis. The authors
speculated that the symptoms of hyperphagia, anxiety and
repetitive behaviors classically seen in PWS might be

Fig. 1 Percent of responses correctly assigned to one of the emotions
of the corresponding emotion category. a. All emotion categories, b.
positive emotion categories, and c. negative emotion categories. Solid
lines depict patients with postsurgical lesions classified as grade I
(anterior hypothalamic lesions), dashed lines depict patients with

postsurgical lesions classified as grade II (anterior and posterior
hypothalamic lesions) according to the grading system published by
Müller et al. [28, 29]. Numbering of patients with grade I lesions is
shown on the right side of the figures

Fig. 2 Percent of responses correctly assigned to single emotions. a.
All emotions, b. positive emotions, and c. negative emotions. Solid
lines depict patients with postsurgical lesions classified as grade I
(anterior hypothalamic lesions), dashed lines depict patients with

postsurgical lesions classified as grade II (anterior and posterior
hypothalamic lesions) according to the grading system published by
Müller et al. [28, 29]. Numbering of patients with grade I involvement
is shown to the right of the figures

Fig. 3 Associations between body weight and changes in task performance from pre-administration to post-administration of oxytocin (in percent).
a. Performance across all emotion categories, b. Performance for negative emotion categories, c. Performance for the emotion category anger
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related to the disruption of oxytocin responsivity or feed-
back in the hypothalamic paraventricular nucleus possibly
influencing vasopressin signaling.

It might have been suspected that oxytocin synthesis and
release are decreased in CP patients since oxytocin synthesis
takes place in the hypothalamus and is released mainly via
the pituitary gland. However, Daubenbuchel et al. [50]
recently published data on oxytocin saliva concentrations in
CP patients, suggesting that this is not a general finding in CP
patients with hypothalamic lesions. In that pilot cross-
sectional study, a small group of CP patients were analyzed
for oxytocin concentrations in saliva in comparison to normal
controls. The main findings were, that CP patients are still
able to produce and secrete oxytocin, even when pituitary
and hypothalamic structures were damaged. However, CP
patients with grade I hypothalamic lesions presented with
lower oxytocin concentrations before breakfast when com-
pared with CP patients with grade II hypothalamic involve-
ment or normal controls. In addition, changes in oxytocin
concentrations before and after breakfast correlated with BMI
in CP patients demonstrating that patients with hypothalamic
obesity showed less variation in oxytocin secretion due to
nutrition. Therefore, the authors concluded that substitution
of oxytocin might be a therapeutic tool in CP patients with
hypothalamic obesity due to specific lesions of anterior
hypothalamic areas [50]. This therapeutic potential is further
reinforced by a recent case report on a parent having
observed neurobehavioral and pro-social improvement with
oxytocin therapy following surgical resection of their child’s
CP [24], supporting earlier reports on beneficial oxytocin
effects on social cognition and affiliative behavior [5–7].

The current pilot study is the first to evaluate
oxytocin concentrations in two compartments (saliva and
urine) and neuropsychological effects before and after a
single dose of intranasal oxytocin in a small representative
cohort of patients with childhood-onset CP and postsurgical

hypothalamic lesions of different degree. Supporting a pre-
vious report [50], it was shown that all patients presented with
detectable levels of oxytocin before administration of
oxytocin.

Based on findings of deficits in the social-emotional
domain in CP patients [21] and on many studies showing
enhancement of emotion identification after intranasal
application of oxytocin [51], we used an emotion identifi-
cation task. Our results provide evidence for improved
emotion identification after oxytocin administration in some
patients. Perceiving and identifying emotions in facial
expressions or by vocal prosody is an important dimension
of social cognition and performance improvements after
intranasal oxytocin administration has been shown in many
studies [51]. In case of emotion identification across all
emotion categories, improvements in our study were
exclusively observed in patients with grade I hypothalamic
lesion, i.e. anterior hypothalamic lesions that did not
involve the mammillary bodies. The overall improvement
of emotion identification was driven by enhanced perfor-
mance with respect to identification of negative emotions.
CP patients with grade II hypothalamic lesions, i.e. hypo-
thalamic lesions involving anterior and/or posterior hypo-
thalamus, did not present with such an improvement after
oxytocin application. In addition, CP patients with grade I
hypothalamic lesions show already at baseline slightly
lower performance in identification of negative emotional
expressions than those with grade II hypothalamic lesions.
Note however that the sample size is rather small, so these
results can only be regarded as preliminary observations..
Noteworthy, performance improvements were not due to
improvements in mental state as there were no positive
associations between changes in mood and changes in task
performance. This is consistent with previous literature,
showing that oxytocin administration has no noticable
effects on mood state [52].

Fig. 4 Results for the three bipolar subscales of the MDMQ (a. good/
bad mood, b. attentiveness/tiredness, c. calm/restlessness). Subscale
scores are ranging from a minimum of 8 (bad mental state) to a
maximum of 40 (good mental condition). Solid lines depict patients
with postsurgical lesions classified as grade I (anterior hypothalamic

lesion), dashed lines depict patients with postsurgical lesions classified
as grade II (anterior and posterior hypothalamic lesions) according to
the grading system published by Müller et al. [28, 29] Numbering of
patients with grade I lesions is shown on the right side of the figures
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In our previous study, we speculated already that in some
patients, oxytocin production and release is diminished after
hypothalamic damage due to surgical treatment. Based on
our current findings, we speculate that in case of anterior
hypothalamic lesion—not involving mammillary bodies
and the hypothalamic areas beyond mammillary bodies—an
external administration of oxytocin might have beneficial
neuropsychological effects.

However, results on improvements in task performance
might be confounded by the observation that CP patients
with grade I hypothalamic lesions presented with lower
body weight at the time of study compared to those with a
grade II hypothalamic lesions. The negative association
between body weight and changes in task performance
might indicate that the dose of 24 UI oxytocin—which is
most frequently reported dose in the literature—may be
inappropriate for many patients with hypothalamic invol-
vement of their CP. These patients frequently suffer from
hypothalamic obesity, which is even more prominent with
grade II involvement [28, 29]. Dose-response curves for
oxytocin administration are merely researched in humans.
In experiments with rats, intracerebroventricularly injected
oxytocin revealed improvements in social behavior up to a
certain dose per kg body weight, but not beyond [39]. A
similar facilitation of social recognition was reported in
another study with rats, showing U-shaped dose response
curve with low doses per kg facilitating and high doses per
kg attenuating social recognition [53]. Noteworthy, dose-
response relationships may also explain the week intranasal
oxytocin effects in studies on PWS, which did not account
for body weight but used to administer standard doses [46].
A randomized, double-blind, placebo-controlled study in 25
PWS patients suggested that intranasal oxytocin adminis-
tration (dose range 24–48 IU/day for 4 weeks) has beneficial
effects on social behavior and food-related behavior in
children with PWS younger than 11 years of age, but not in
those older than 11 years of age [47]. The dose of oxytocin
in this study was calculated based on the body surface of the
patients.

Another explanation for the lack of beneficial
effect in patients with grade II hypothalamic lesions
might be a dysfunction of important regulatory hypotha-
lamic regions in oxytocin recruits. These regions are more
likely preserved in patients with grade I hypothalamic
lesions due to the growth pattern of the tumor which typi-
cally takes place from an anterior inferior region of the
hypothalamus (tuberal region) to an upwards posterior
direction [54]. Thus, in presence of a smaller tumor size or
certain directions of growth, the paraventricular and
supraoptic nuclei may be spared, resulting in preserved
oxytocin synthesis in this group. To elucidate this, further
research on the compartmentalization of the hypothalamus
is needed.

A third explanation for beneficial effects of intranasal
oxytocin administration in patients with grade 1 hypotha-
lamic lesions is related to the lower baseline functional
capability observed in this group. An influential theoretical
model of intranasal oxytocin effects on social cognition
postulates that the hormone’s effects on social cognition are
dependent on baseline social cognition skills, with perfor-
mance improvements to be expected with a low baseline
performance [55].

Limitations of the study include the low patient number.
Studies on larger cohorts should provide statistical evidence
whether changes in oxytocin concentrations after adminis-
tration were accompanied by significant changes in neu-
ropsychological findings and whether these changes showed
specific patterns in relation to different grades of hypotha-
lamic damage. Besides statistical limitations, the reliability
of oxytocin measurement is still under debate and issues
have been raised regarding the importance of preanalytical
procedures. Because of this debate, we did not use the
ELISA method but chose RIA measurements. For this
method, a higher specificity for active oxytocin metabolites
is supposed, compared to ELISA methods [56, 57]. In
addition, the missing correlation between saliva and urine
concentrations of oxytocin might indicate that individual
variations in dynamics of resorption, metabolism and
excretion have impact on the response to exogenous oxy-
tocin. Furthermore, a therapeutic trial with a regular medi-
cation over a specific period would be more meaningful
compared to a single administration. This will be part of a
planned future multicenter trial in the context of the German
craniopharyngioma registry.
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