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Figure 1. The study procedure and layout of fNIRS optodes and channels. (A) The study protocol and sequences of the experimental task. A total of 
four blood samples (6 ml for each) were collected for each subject before and after the treatment and after each session to measure OT concentration 
changes. Subjects completed the positive and negative affective schedule (PANAS) before and after the intranasal/oral OT or PLC treatment. During 
each touch session, neural responses were acquired using functional near-infrared spectroscopy (fNIRS) measures and physiological measures of 
autonomic nervous system changes including the skin conductance response - SCR and the electrocardiogram - ECG were recorded as well. Subjects 
were subsequently asked to rate their mood (PANAS) and subjective experience of the massage/touch including the perceived pleasantness, 
arousal, intensity, and willingness to payment after each session. (B) The array design displayed the locations of the sources (red) and detectors 
(blue). (C) Channels according to the international 10–20 placement system. A 26-channel array consisting of 12 sources and 13 detectors were 
used to record hemodynamic activity of the bilateral lateral orbitofrontal cortex (lOFC: channels 9, 18), medial orbitofrontal cortex (mOFC: channels 
12–15) and mediolateral orbitofrontal cortex (mlOFC: channels 10, 11, 16, 17), posterior superior temporal sulcus (pSTS: channels 1–4, 23–26) and the 
somatosensory area (S1: channels 5–8, 19–22).
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Figure 1—figure supplement 1. CONSORT flow diagram.



 ﻿Research article﻿﻿﻿﻿﻿ Medicine | Neuroscience

Chen et al. eLife 2023;12:e85847. DOI: https://doi.org/10.7554/eLife.85847 � 4 of 10

Figure 2. Effects of oxytocin on plasma OT concentration changes and behavioral rating scores. (A) Post-treatment changes of plasma OT 
concentrations (compared with pre-treatment baseline). (B) Plasma OT concentration changes (compared with pre-treatment baseline) after gentle 
stroking touch and medium pressure massage following the OT and PLC treatments. Behavioral rating scores of pleasantness, arousal, intensity, 
and payment willingness following intranasal OT (N = 56), oral OT (N = 57) and PLC (N = 58) treatments in response to (C) gentle stroking touch and 
(D) medium pressure massage. One-way ANOVA for post-treatment OT concentration changes (minus the basal OT concentrations) was conducted to 
compare group differences. Repeated-measures ANOVAs were applied to investigate changes of plasma OT concentrations and treatment effects on 
behavioral response after the gentle stroking touch versus the medium pressure massage. Error bars show standard errors. *p < 0.05, **p < 0.01, **p < 
0.001 between group comparisons.
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Figure 3. Effects of intranasal and oral OT on neural responses to gentle stroking touch. (A) Heat brain maps show treatment x condition interaction 
effects (F values) on neural activations in each ROI using repeated-measures ANOVAs. (B) Averaged oxy-Hb concentration changes in the bilateral lOFC, 
mOFC, mlOFC, pSTS and S1 (mean ± SEM) in response to the gentle stroking touch and medium pressure massage in intranasal OT (N = 56), oral OT 
(N = 57) and PLC (N = 58) groups. Repeated-measures ANOVAs were applied to investigate treatment effects on neural response to the gentle stroking 
touch versus the medium pressure massage. *p < 0.05, **p < 0.01.
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Figure 3—figure supplement 1. Activation maps of the channel-by-channel analysis.



 ﻿Research article﻿﻿﻿﻿﻿ Medicine | Neuroscience

Chen et al. eLife 2023;12:e85847. DOI: https://doi.org/10.7554/eLife.85847 � 7 of 10

Figure 4. Time courses of oxy-Hb concentration changes in response to medium pressure massage and gentle stroking touch in the bilateral mlOFC, 
mOFC and pSTS for intranasal OT (N = 56), oral OT (N = 57) and PLC (N = 58) groups, respectively. The dotted gray lines indicate the onset and offset 
of the stimulation and the shaded areas represent ± SEM.
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Figure 5. Null distribution for classification accuracies for discriminating intranasal OT versus PLC, oral OT versus PLC, and intranasal versus oral OT 
groups, respectively. Histograms show the distribution of accuracies from permutation tests (permutations = 10,000). The red lines indicate the actual 
accuracy and p values for the actual classification accuracies.
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Figure 5—figure supplement 1. Illustration of the multivariate analysis method.
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Figure 6. Mediation analyses for intranasal and oral oxytocin (OT) effects on pleasantness ratings via plasma OT concentrations. Enhanced pleasantness 
ratings in response to gentle stroking touch following intranasal (A) and oral (B) OT administration were significantly mediated by post-treatment plasma 
OT concentration changes. †p=0.05, *p < 0.05, **p < 0.01, ***p < 0.001.


