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Methods
Participants
We conducted a randomized, between-subject placebo-spray controlled intranasal oxytocin
(24IU) proof-of-concept study with four experimental arms (total n = 229, healthy males). Five
subjects withdrew after randomization and expectancy-induction but prior to treatment (n = 224,
mean age = 21.00±2.44). All subjects were free from a current or history of neurological or
psychiatric disorders as well as regular or current use of nicotine, alcohol or other psychoactive
substances. Written informed consent was obtained from all participants. Prior to the experiment
all subjects completed validated questionnaires to control for confounding effects of IQ (Raven's
Standard Progressive Matrices, Raven, 1983), depression (Beck Depression Inventory II, BDI II,
Beck et al., 1996); anxiety (State-Trait Anxiety Inventory, STAI, Spielberger et al., 1983) and
interpersonal trust (Interpersonal Trust Scale, ITS, Rotter, 1967). Table S1 shows that there were
no significant differences in these confounders between the two treatment groups in the four
arms of the experiment and an additional ANOVA analysis also showed that there were no
interaction effects across the four arms (ps > 0.23).
The study and experimental protocols had full approval by the local ethics committee of the
University of Electronic Science and Technology of China and adhered to the latest revision of the
Declaration of Helsinki. Protocols and primary outcomes were pre-registered at clinicaltrials.gov
(ID, NCT02745522). The CONSORT Flow diagram and checklist are presented in Figures S1 and
S2.
Expectancy induction
In line with previous research on the pharmacological enhancement of expectancy effects,
standardized verbal instructions were employed for expectancy-induction (Colloca et al., 2016).
However, in contrast to experiments using pain perception paradigms where treatments were
administered 40-45 minutes before expectancy-induction (Colloca et al., 2016) we informed
subjects about the expected impact of the OXT treatment on cognitive function immediately prior
to them receiving the treatment in order to allow them to provide appropriate informed consent
(i.e. 45 minutes before performing the working memory task). This was important given that
some subjects were being informed their cognitive performance could be temporarily impaired,
and indeed 5 subjects decided to withdraw from the experiment at this point prior to receiving
the intranasal treatment. Although OXT would not have been expected to have produced any
neural effects until around 15-30 minutes after administration (Spengler et al., 2017), subjects
would have had an induced expectation of improved or impaired performance throughout the
whole 45 minutes prior to actually performing the working memory task. Subjects in the different
treatment arms were given instructions as follows: no expectancy-induction (neutral information,

Arm 1, oxytocin, n = 32; placebo spray, n = 34), placebo effect induction (‘oxytocin enhances
performance’, Arm 2, oxytocin, n = 27; placebo spray, n = 26) or nocebo effect induction (‘oxytocin
impairs performance’, Arm 3, oxytocin, n = 26; placebo spray, n = 27) which served as an active
comparator arm. Verbal instructions were given according to a standardized protocol employed
by the same female experimenter dressed in a white coat and blinded for the treatment (oxytocin
versus placebo nasal spray) the subjects received. Given that oxytocin’s facilitation of acceptance
of advice can be influenced by the gender of the expert (Luo et al., 2017), experimental Arm 2 was
repeated with a male experimenter (Arm 4, oxytocin, n = 26; placebo spray, n = 26) (see also Table
S1 & Figure S1). Participants were equally distributed between the experimental arms (χ2 = 2.39,
p = 0.50).
Treatment
Subjects were randomly allocated to receive either a single intranasal dose of 24 IU OXT (3 puffs
of 4IU per nostril with 30s between each puff – Sichuan Meike, Pharmaceutical Co., China) or
placebo nasal spray with identical ingredients (also 3 puffs per nostril) other than the peptide
(provided by the same company). After expectancy induction, treatment was administered in line
with a standardized protocol (Guastella et al., 2013) immediately (no waiting time between
expectancy induction and treatment). Working memory assessment started 45 minutes after
treatment administration.
Primary outcome
Working memory accuracy, defined as percent correct responses, served as the primary outcome.
Working memory performance was assessed using a visual n-back task (Owen et al., 2005), a
classical working memory paradigm during which subjects are presented with a sequence of
stimuli and have to indicate whether the current stimulus corresponds to the one that was shown
‘n’ trials before.

To promote a comprehensive characterization of the treatment effects,

performance was assessed in the domains of spatial, verbal and social working memory and at
two levels of working memory load (1-back, 2-back) (details see Owen et al., 2005; Becker et al.,
2010; Neta & Whalen, 2011). Domain- and load-specific performance was acquired in separate
blocks presented in a counterbalanced order. Each block was preceded by a cue indicating the
working memory domain and working memory load of the block. A total of 72 stimuli were
presented per load and domain condition and the working memory paradigm lasted
approximately 30 minutes in total.
Previous studies have neither revealed effects of intranasal OXT on non-social or social
working memory performance per se (Tabak et al., 2016), nor on the impact of emotional
distractors during a working memory task in male participants (Tollenaar et al., 2017). In line

with these earlier findings a more recent study reported that the effects of intranasal OXT on a
working memory task using social emotional (facial) stimuli were only found for female but not
male participants (Yue et al., 2018). Together these findings argue against general or domainspecific (i.e. social working memory) effects of OXT on working memory accuracy in males.
Consequently, we expected that combined OXT and expectancy induction would generally
modulate working memory across the different domains examined.
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Table S1. Experimental design, confounders and primary outcome measures
Arm 1 (n = 66)

Arm 2 (n = 53)

Arm 3 (n = 53)

Arm 4 (n = 52)

Neutral
(expectancy: none)
Female (white coat)

Placebo
(expectancy: improve)
Female (white coat)

Nocebo
(expectancy: impair)
Female (white coat)

Placebo
(expectancy: improve)
Male (white coat)

Design
Expectancy-induction
Experimenter
Treatment Groups

Placebo

Oxytocin

Placebo

Oxytocin

Placebo

Oxytocin

Placebo

Oxytocin

(n = 34)

(n = 32)

(n = 26)

(n = 27)

(n = 27)

(n = 26)

(n = 26)

(n = 26)

Mean(SEM)

Mean(SEM)

t/p

Mean(SEM)

Mean(SEM)

t/p

Mean(SEM)

Mean(SEM)

t/p

Mean(SEM)

Mean(SEM)

t/p

20. 3 (.33)

20.8 (.46)

.98 / .33

22.1 (.60)

21.8 (.45)

.45 / .65

20.4 (.31)

20.3 (.41)

.19 / .85

21.9(.50)

20.6(.5)

1.79/.08

51.29(0.9)

51.41(1.2)

.08/.94

50.8(1.1)

52.9(0.7)

1.63/.11

52.9(1.0)

50.8(1.2)

1.33/.19

52.24(0.9)

52.73(0.8)

.40/.69
1.63/.11

Confounders
Age(years)
SPM raw score a
Depression

9.8 (1.47)

9.6 (1.48)

.10 / .94

5.7 (1.23)

7.5 (1.58)

.87 / .39

7.0 (1.42)

5.2 (.80)

1.10 / .30

6.1(1.12)

9.1(1.45)

41.5 (1.50)

43.1 (1.52)

.75 / .46

39.8 (1.39)

41.9 (1.56)

.97 / .34

42.1 (2.06)

38.3 (1.07)

1.59 / .12

39.8(1.48)

40.4(1.74)

.25/.80

73.0(1.47)

74.2 (1.60)

.53 / .60

75.4 (1.55)

73.0 (1.21)

1.24 / .22

72.0 (1.92)

72.5 (1.42)

.19 / .85

76.1(1.33)

72.6(1.78)

1.57/.12

Guess oxytocin

23

18

Guess placebo

11

14

b

Anxiety c
Trust d
Guess(%)

.97/ .33 e

Results (Primary outcome - % difference in N-back task performance between oxytocin and placebo spray f)
Verbal WM
Spatial WM
Social WM

Mean (SEM)

p

Mean (SEM)

p / E.S.

Mean(SEM)

p / E.S.

Mean(SEM)

p / E.S.

.20 (1.3)
.80 (1.4)
-2.5 (1.9)

0.86
0.6
0.18

5.3 (1.4)
3.6 (1.6)
4.6 (2.1)

.001 / .93
.02 / .60
.03 / .82

-4.1 (1.4)
-3.8 (1.6)
-5.0 (2.1)

.005 / .97
.02 / .63
.02 / .65

2.8 (1.2)
3.8 (1.2)
3.7 (1.8)

.03/.63
.003/0.89
.05/.56

Abbreviations: WM, working memory; E.S., Effect size (Cohen’s)
a SPM raw score was assessed by Raven’s Standard Progressive Matrices.
b Depression was assessed by Beck Depression Inventory II .
c Anxiety was assessed by State-Trait Anxiety Inventory (Trait).
d Trust was assessed by Interpersonal Trust Scale.
e χ2 value reported .
f Averaged accuracy difference across working memory load conditions (1-back and 2- back) reported given that no load-dependent interaction
effects were found.

Figure S1 CONSORT Flow Diagram

Figure S2 CONSORT checklist

