
Nasal dominance potentiates 
intranasal oxytocin’s anxiolytic 
effects
Nikita Catalina Julius, Dasha Nicholls, Joseph Nowell & Victoria Burmester

The nasal cycle is a phenomenon whereby alterations in airflow alternate between left and right 
nostrils. During a nostril’s decongested – or dominant – state, the contralateral nostril is congested, 
or non-dominant. Intranasal oxytocin may elicit anxiolytic effects. To date, no study has investigated 
whether there is an optimal nasal pathway for oxytocin’s effects. Forty-four female adolescents aged 
16 to 17 years were included in this exploratory study investigating effects of nasal dominance on 
intranasal oxytocin delivery. We show that intranasal oxytocin significantly reduces stress relative 
to placebo (p = 0.012, ηp2 = 0.145) and greater stress reduction occurs when oxytocin is delivered to 
the dominant, rather than non-dominant, nostril (p = 0.034, ηp2 = 0.113). We postulate that oxytocin 
administration may reduce stress and be most effective in the context of anxiolysis when administered 
to the dominant nostril. Further research investigating whether other intranasal psychotropic drugs 
have nostril-specific effects might benefit clinical practice.

The nasal cycle is characterised by rhythmic alterations in airflow between the left and right nostrils, where 
congestion in one nostril is cyclically accompanied by decongestion in the other nostril1. This phenomenon 
is seen in approximately 70–80% of healthy adults, switching states approximately every two hours in wake 
and 4.5 h in sleep2. Although significant variability in cycle length has been reported3–5, the cycle frequency 
can be indirectly affected by factors such as body mass index (BMI)6. In the decongested nostril, referred to 
as the dominant nostril, there is increased airflow. In the contralateral nostril, also known as the congested or 
non-dominant nostril, airflow is decreased, marking the ‘resting phase’ of the cycle7. It is currently thought that 
dominance is related to vasoconstriction in the decongested nasal cavity, while non-dominance is associated 
with vasodilation in the congested nasal cavity8.

Oxytocin is a nonapeptide, primarily synthesised in the hypothalamic supraoptic and paraventricular 
nuclei and released by exocytosis into the central nervous system9. Oxytocin receptors are the only described 
receptor expressed in neural tissue and other parts of the body in species-dependent patterns10. Owing to its 
molecular mass of 1007 Daltons11, oxytocin was previously considered unable to penetrate the blood-brain 
barrier (BBB). However, recent findings have demonstrated that oxytocin may bind to the receptor for advanced 
glycation end-products (RAGE), facilitating its transport across the BBB12,13. Oxytocin has a wide role in the 
stress response, acting as an anxiolytic agent via the hypothalamic-pituitary-adrenal axis14. Pierrehumbert et al. 
induced laboratory stress in humans using the Trier Social Stress Test to investigate the presence of an oxytocin 
response and found a negative correlation between oxytocin and cortisol, suggesting an interaction between 
cortisol release and oxytocin15.

Intranasal oxytocin is widely used in psychological and psychiatric studies. The mechanism by which 
exogenously administered oxytocin elicits its effects on brain and behaviour is still unclear, in part due to 
the absence of a positron emission tomography radiotracer approved for human use. There are three main 
theories, although not necessarily competing, explaining how oxytocin is absorbed through the nostril to effect 
central change. The direct route theory assumes that oxytocin circumvents the BBB through an extracellular 
pathway involving the olfactory and trigeminal nerves and perineural clefts in the nasal epithelium16. Once 
intranasal oxytocin reaches the olfactory and respiratory epithelia, it is transported via the ensheathed channels 
surrounding the olfactory and trigeminal nerve fibres17. The olfactory nerve fibres then pass through clefts in 
the cribriform plate, leading to the olfactory bulbs. The BBB theory posits that oxytocin may be delivered to the 
brain by crossing the BBB in small but biologically relevant quantities18. Recent findings substantiate oxytocin’s 
transport across the BBB following exogenous administration via RAGE-mediated transport13. Thirdly, oxytocin 
administered intranasally may have the potential to influence afferent feedback to the brain from peripheral 
systems, specifically from organs abundant in oxytocin receptors, thereby influencing central oxytocin function19.
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Although the transport of oxytocin from nose-to-brain is not fully articulated, understanding the influence 
of nasal dominance on oxytocin absorption may shed light on oxytocin’s pathway to the brain. We hypothesised 
that there would be a difference in stress scores following administration of a stressor depending on whether 
intranasal oxytocin was delivered via the dominant or non-dominant nostril.

Results
Participant characteristics
A convenience sample of 44 adolescent females aged 16–17 years (Table 1) with BMI from 15.61 to 29.75 kg/m2 
[M (SD) = 21.19 (3.91) kg/m2] were included in this study.

The dominant group consisted of 23 participants, while the non-dominant group consisted of 19 participants. 
One participant was assigned to the non-dominant group but without an obvious state determined on the second 
visit; this visit was counted as missing data. One participant was assigned different states on each visit due to a 
procedural error. Comparisons between the groups can be seen in Table 2.

Comparison Mean (SD) t df p-val

ED status

0.139 41 0.890 Dom 0.521 (0.511)

 Non 0.500 (0.513)

BMI

1.883 40 0.067 Dom 20.245 (3.625)

 Non 22.478 (4.025)

RCADS-SP

0.404 41 0.688 Dom 16.565 (5.655)

 Non 17.250 (5.408)

Baseline stress

0.226 41 0.822 Dom 2.957 (2.246)

 Non 2.800 (2.285)

Contraceptive use

0.143 41 0.887 Dom 0.090 (0.288)

 Non 0.100 (0.308)

Use of vapes or cigarettes

0.604 41 0.549 Dom 1.870 (0.344)

 Non 1.800 (0.410)

Table 2.  Group comparisons.

 

Total, n = 44

Ethnicity, n (%)

 White 16 (36.4)

 Black 11 (25)

 Asian 9 (20.5)

 Mixed 6 (13.6)

 Other 2 (4.5)

Social support relationship, n (%)

 Friend 29 (65.9)

 Parent/guardian 8 (18.2)

 Sibling 4 (9.1)

 Romantic partner 2 (4.5)

 Other 1 (2.3)

Parental education, n (%)

 At least one with university degree 25 (56.8)

 No university degree 16 (36.4)

 Unsure 3 (6.8)

Table 1.  Participant sociodemographics.
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Shortened Sing-A-Song Stress test as a stressor
T tests were employed to investigate the adequacy of the shortened Sing-a-Song stress test (SSSTs) as a stressor. 
SSSTs significantly increased self-reported stress when compared to baseline self-reported stress in both placebo, 
t(43) = 3.087, p = 0.002, d = 0.468, and oxytocin conditions, t(43) = 4.473, p < 0.001, d = 0.674.

Effects of oxytocin on stress
A repeated-measures analysis of covariance (RM-ANCOVA) evaluated the effects of oxytocin on stress scores 
after the SSSTs between the oxytocin and placebo conditions. RCADS social phobia (RCADS-SP) scores and 
eating disorder (ED) status were used as covariates in the model. Results indicated that that oxytocin significantly 
reduced stress [M (SD) = 4.68 (2.66)] relative to placebo [M (SD) = 4.75 (3.30)], with a large effect: F(1,41) = 
[6.951], p = 0.012, ηp2 = 0.145 (Fig. 1). Additionally, a significant interaction was found between oxytocin’s effects 
and RCADS-SP scores, with medium to large effect size: F(1,41) = [6.632], p = 0.014, ηp2 = 0.139.

Sub-group analyses were conducted to further explore the interaction between oxytocin’s effects and 
RCADS-SP scores. Participants were categorised into two groups based on RCADS-SP scores: those with 
‘elevated’ social phobia scores of 20 and above (n = 15) and those with ‘normal’ scores of zero to 19 (n = 29), as per 
Child Outcomes Research Consortium interpretation guidelines20. For the elevated RCADS-SP group, an RM-
ANCOVA controlling for ED status revealed a significant reduction in stress scores in the oxytocin condition [M 
(SD) = 5.00 (2.45)] compared to placebo [M (SD) = 6.20 (2.70)], with a large effect: F(1,13) = [8.720], p = 0.011, 
ηp2 = 0.401. In contrast, no difference in stress scores between the oxytocin [M (SD) = 4.52 (2.79)] and placebo 
[M (SD) = 4.00 (3.37)] conditions was observed for the normal RCADS-SP group: F(1,27) = [2.938], p = 0.098, 
ηp2 = 0.098.

Fig. 1.  Bar chart representing stress scores in the oxytocin and placebo conditions (± SD) after the Sing-A-
Song Stress Test when adjusting for baseline stress, eating disorder status, and RCADS-SP, *p < 0.05.
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Nostril dominance
An ANCOVA evaluated the effects of nostril dominance on stress scores after the SSSTs in the oxytocin condition 
with baseline stress scores, RCADS-SP scores, and ED status as covariates. Results indicated that oxytocin elicited 
a significant difference in stress score by nostril after the SSSTs with a medium-large effect: F(1,42) = [4.831], 
p = 0.034, ηp2 = 0.113 (Fig. 2.). Post hoc testing using Fisher’s Least Significant Difference (LSD) indicated that 
the stress score was significantly lower when oxytocin was delivered intranasally to the dominant nostril [M 
(SD) = 4.00 (2.65)] compared with the non-dominant nostril [M (SD) = 5.55 (2.52)], p = 0.034.

Only baseline stress served as a significant covariate in the model: F(1,42) [6.442], p = 0.015, ηp2 = 0.145. 
Stress scores for the dominant and non-dominant oxytocin groups, as well as the placebo groups, relative to 
baseline stress scores, can be seen in Fig. 3.

Nostril dominance in placebo condition
An ANCOVA evaluated the effects of nostril dominance on stress scores after the SSSTs in the placebo condition 
with baseline stress scores and RCADS-SP scores as covariates. The results indicated that there was no significant 
difference in stress score by nostril: F(1,42) = [1.818], p = 0.186, ηp2 = 0.046.

Discussion
To the best of our knowledge, this study is the first to explore whether intranasal oxytocin’s anxiolytic effects are 
affected by nostril dominance. Administration of 24 international units (IU) of intranasal oxytocin significantly 
reduced stress when compared with placebo. Intranasal oxytocin showed a significant increase in effectiveness 
in reducing self-reported stress when applied to the dominant nostril compared to the non-dominant nostril.

Following induction of stress using the modified SSSTs, oxytocin significantly decreased self-reported stress 
relative to placebo, indicating its potential role in mitigating social-evaluative stress. This effect was seen when 
controlling for social phobia (SP) symptomatology and ED status. This finding aligns with literature implicating 
oxytocin as an anxiolytic agent. Without accounting for SP symptoms, there was no significant reduction in 

Fig. 2.  Bar chart representing stress scores by nostril (± SD) after the Sing-A-Song Stress Test when adjusting 
for baseline stress, eating disorder status, and RCADS-SP, *p < 0.05.
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social-evaluative stress, underscoring oxytocin’s interindividual-dependent properties, specifically social anxiety 
symptomatology21.

The significant interaction between oxytocin’s effects and RCADS-SP scores suggests that oxytocin’s anxiolytic 
properties may be influenced by trait SP. Specifically, participants with elevated SP scores experienced a significant 
reduction in self-reported stress following oxytocin administration, while those with normal scores did not 
show this effect. This finding also supports the social salience hypothesis of oxytocin that proposes the salience 
effect depends on baseline individual differences, such as personality traits and degree of psychopathology21. 
It is important to note that our elevated SP group was small (n = 15), which may account for the subtle overall 
reduction in stress scores between the oxytocin and placebo conditions. This limitation warrants further research 
with larger sample sizes. These results highlight the possibility that oxytocin’s protective effects against social-
evaluative stress may be more pronounced in individuals with higher SP and less effective in those without such 
traits, underscoring the need to consider these individual differences for therapeutic purposes.

The dominant nostril elicited significantly lower stress scores compared to the non-dominant nostril in the 
oxytocin condition. This result suggests that, for the purpose of anxiolysis, oxytocin might be more efficacious 
when administered to the dominant than the non-dominant pathway. This is an important finding as it indicates 
that there may be a preferred nostril for optimal oxytocin administration in the context of stress reduction. In our 
sample, the significant nostril-specific effect of oxytocin might be attributed to several factors. We implemented 
a procedure to identify the dominant or non-dominant nostril for oxytocin administration and identified the 
presence of definitive nostril states in 98% of our sample. This procedure involved clearing the nasal passage 
by exhaling into a tissue and obtaining a self-report of the dominant nostril, which was objectively confirmed 
using the Glatzel mirror test22, although it is important to note that these methods may not rule out any nostril 
abnormalities. Additionally, participants received a demonstration of the self-administration procedure by a 
researcher and were provided with printed instructions. We excluded participants with hay fever and nasal 
congestion to maintain consistency in the sample. Our sample was homogenous, comprising only females aged 
16–17. Participants with a BMI > 30 kg/m2 were excluded from all analyses to mitigate any influence of BMI-
related effects, such as increased airflow; there is no evidence that BMI affects the nasal cycle or inhibits dose-
responsivity23–25.

We postulate that the observed differences in stress scores between nostrils in the drug condition might 
be attributed to the effects of oxytocin as we found no nostril-specific response in the placebo condition. The 
interplay between oxytocin’s effects, placebo responses, and nostril-specific variations in stress scores present a 
complex interaction, warranting further research.

This exploratory work aligns with literature suggesting that the olfactory and trigeminal nerves might 
function as the optimal route for oxytocin delivery to the brain within the window of approximately 20–
90  min26. In this timeframe, the dominant nostril, with constricted blood vessels, might provide a more 
direct pathway to the brain, while the non-dominant nostril, with dilated blood vessels, could lead to greater 
absorption into the peripheral system before being transported to the brain. Oxytocin’s delivery to the brain 
via these pathways is also influenced by its uptake speed. The significantly greater reduction in stress scores we 
observed when oxytocin was administered to the dominant nostril supports existing literature that suggest the 
olfactory and trigeminal nerve routes may play a more substantial role in oxytocin’s nose-to-brain delivery than 
the peripheral route during the putative peak effects of oxytocin27,28.However, we acknowledge the possibility 
that the peripheral pathway might also contribute to its effects differentially. Further investigation, perhaps 

Fig. 3.  Line graph representing baseline and post-Sing-A-Song Stress Test stress scores (± SD) in the placebo 
(n = 44), dominant (n = 22), and non-dominant conditions (n = 20).
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considering dose-response, uptake speed, and timeframe, is needed. In addition to the conventional nasal spray, 
an alternative method of administering oxytocin via the nasal passage involves the use of a nebuliser. A nebuliser 
is purported to improve oxytocin deposition in specific nasal regions directly implicated in transportation to the 
brain29. Employing this method of delivery could shed more light on the mechanisms involved in nose-to-brain 
transport, offering more evidence for the nostril-specific effect.

This study has its limitations. Although a significant increase in stress was observed from baseline readings 
to post-stressor in both the oxytocin and placebo conditions, we cannot exclude the possibility that preceding 
tasks contributed to changes in subjective stress. Additionally, our stressor primarily applies to social-evaluative 
stress and may not be applicable to general stress without further investigation. Moreover, the Glatzel mirror test 
cannot definitively determine nostril dominance/non-dominance; abnormalities such as nasal septal deviation 
that may affect the determination of nostril states require further examination through imaging techniques and 
nasal endoscopic assessments. Additionally, while our use of self-reported Visual Analogue Scale (VAS) stress 
scores yielded significant results as an outcome measure, future studies could employ objective measures, such 
as skin conductance, heart rate variability, salivary cortisol measures, or neuroimaging techniques to increase 
sensitivity and minimise subjectivity in capturing stress responses. Data on days since the last menstrual period 
and hormonal contraceptive use were collected; however, an accurate phase could not be calculated due to the 
variable length of menstrual cycles in our sample, which included individuals with EDs30,31, and no data on type 
of contraceptive (progesterone, oestrogen and progesterone, the coil) collected.

Further, there are various administration positions for intranasal drug delivery, each influencing deposition 
differently32. While we opted for the basic head-tilt position as it required less movement, which could potentially 
serve to reduce external stressors, future research should explore alternative positions to enhance the deposition 
of the active drug in optimum regions of the nasal cavity. The Mygind and ‘praying-to-Mecca’ positions are 
suggested to deposit drugs closer to the olfactory nerves32 and thus may offer improved efficacy for nose-to-
brain delivery.

This preliminary work should be replicated in a larger, more diverse sample, including males33,34 and exploring 
different doses of oxytocin, timeframes, and- other intranasal psychotropic drugs, such as esketamine35. The 
potential clinical implications could be substantial. If the nasal cycle state indeed influences responses to 
intranasal delivery, determining the optimal nostril for administering drugs targeting the brain could have 
significant implications for effectiveness and efficiency. This theory could be extended to individuals with a clear 
nasal cycle, suggesting that adjusting drug volume based on the most effective nostril could have pharmaceutical 
implications. Additionally, future research could investigate intranasal drugs targeting sites aligned with the 
peripheral system and whether there is an optimal nostril for their effects. Intranasal oxytocin is also employed 
in other contexts, such as stimulating the milk-ejection reflex in breastfeeding mothers. Our findings suggest 
that administering oxytocin to the dominant nostril may expedite lactation and potentially lower the required 
dosage.

Conclusion
This is the first study of its kind to examine nostril-specific effects of oxytocin. We show that 24 IU of intranasal 
oxytocin significantly reduces social-evaluative stress and is significantly more effective in this stress reduction 
when administered to the dominant nostril compared to the non-dominant nostril. Future work should aim to 
corroborate this in a larger sample, with objective methodologies, and utilise other psychotropic drugs.

Methods
Design
This exploratory study was part of a larger placebo-controlled, double-blinded, randomised crossover trial 
investigating a range of social functions in adolescent females with EDs. Participants were tested twice, 
approximately seven days apart [M (SD) = 7.95 (6.24)].

Participants
Forty-eight adolescent females aged 16 and 17 years were recruited via social media campaigns. Four participants 
were excluded from the final analyses for this study due to their BMI exceeding 30 kg/m26.

To confirm eligibility, participants completed an online Qualtrics screening survey. The inclusion criteria 
required that participants were females aged 16 to 17 years, able to travel to the Children’s Clinical Research 
Facility at St. Mary’s Hospital, London. Exclusion criteria included insufficient English language skills and 
uncorrected hearing or sight impairment; regular or accomplished solo singers; pregnancy or breastfeeding; 
or recent experience of a significant life event. Participants entered their weights and heights, and it was noted 
whether they took any contraceptives due to the potential influence of menstrual cycle on endogenous oxytocin 
concentrations.

Materials
Intranasal sprays containing 24IU23–25 of Syntocinon® or vehicle were supplied by Victoria Apotheke, Switzerland 
and over-the-counter urine pregnancy tests were provided.

Self-report questionnaires
A bespoke questionnaire via Qualtrics collected information on participant gender, age, ethnicity, parental 
education level, type of social support, date since last period, time since most recent meal, caffeine consumption, 
hours slept the previous night, and handedness.
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A digital VAS scale with a sliding marker from 0 to 10 anchored by “not at all” and “as much as I can imagine” 
asked how stressed the participant felt at baseline and post stressor. Other measures included in the parent study 
were not analysed here.

The 9-item Revised Children’s Anxiety and Depression scale – Social Phobia subscale36 determined SP 
symptomatology. For each statement, participants selected one of four responses: ‘Never’, ‘Sometimes’, ‘Often’, 
and ‘Always’. Possible scores for the SP subscale range from 0 to 27, with scores between 0 and 15 considered a 
‘normal range’ for this population. Other measures included in the parent study were not analysed here.

Shortened ‘Sing-a-Song’ Stress test
Singing to an audience is a reliable method for inducing social-evaluative threat in participants. A shortened 
SSSTs that required a 50  s singing performance, was used37. After choosing a song, participants stood and 
performed it in front of the research team and the person accompanying them. As part of the sham story, and to 
increase stress, the researchers were seen to be scoring the participant’s performance. Nursery rhymes, humming 
and children’s songs were not allowed as these were considered less stressful to perform.

Procedures
The study was sponsored by Imperial College London and approvals were obtained from the Leicestershire 
South Research Ethics Committee (reference: 22/EM/0044; IRAS project ID: 297695). All methods were carried 
out in accordance with relevant guidelines/regulations. Testing was carried out in the Clinical Research Facility 
at St Mary’s Hospital, London. An independent statistician carried out randomisation.

Each visit lasted approximately one hour, and participants were instructed to bring a social support who 
remained present throughout the visit. This recommendation is based on evidence suggesting that the presence of 
a social support figure may enhance oxytocin’s effects38. Participants and their social support were compensated 
through a £50 and £20 online voucher, respectively, upon completion of both visits.

Participants were told that the study was investigating whether oxytocin, an agent that may reduce anxiety 
and increase sociability, impacts social behaviour in adolescent females with and without ED. To minimise 
biases, both researchers and participants and their social supports were blinded to whether subjects met the 
criteria for an ED.

At the start of the first visit, participants verbally confirmed eligibility and provided informed consent 
electronically. Experimenters noted whether they had consumed alcohol in the last 12 h, smoked or vaped, or 
had any conditions causing nasal congestion on the day. After participants cleared their nasal passages using a 
tissue, with a closed mouth, they forcefully exhaled through each nostril while keeping the other nostril closed, 
and self-reported which nostril felt more, and less, blocked. The decision on left or right nasal dominance 
was then confirmed by researchers, using the Glatzel Mirror test22. Participants and social supports were not 
informed about the purpose of this test or the parent study aims. After reading printed instructions, watching 
a demonstration on how to operate the bottle, and practising operating an identical device filled with water, 
participants proceeded to self-administer either placebo or 24IU oxytocin by closing one nostril with their 
finger, tilting their head39 and inhaling once, with a 30 s interval to allow for maximum absorption in either the 
dominant or non-dominant nostril. Researchers stayed to witness the self-administration. The selection of the 
nostril was pre-determined using a pseudo-randomised alternating design.

Oxytocin’s peak effects typically manifest between 20 and 90  min following intranasal administration26. 
Following a series of additional tasks detailed in the parent study, participants underwent the SSSTs, approximately 
50 min post oxytocin administration. All tasks were administered in the same order for each task and task order 
was not counterbalanced to maximise equality of central oxytocin across tasks40–42. Stress VAS was administered 
before concluding the testing session, see Fig. 4 for the timeline of events.

Data
Data were analysed using Statistical Package for the Social Sciences (SPSS) software version 29. A p-value < 0.05 
was considered statistically significant. Two-tailed t-tests were employed to investigate whether there were 
differences in stress scores between baseline and post-stressor readings in both the oxytocin and placebo 
conditions, two-tailed t-tests were also employed to rule out any group differences between the dominant and 

Fig. 4.  Approximate experimental timeline.
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non-dominant groups for ED status, BMI, RCADS-SP, baseline stress, contraceptive use, and use of vapes or 
cigarettes. RM-ANCOVA were performed for stress scores in the oxytocin and placebo conditions with RCADS-
SP, and ED status as covariates. ANCOVAs was performed for stress scores within the oxytocin and placebo 
conditions, with nostril dominance as the independent factor and baseline stress score, RCADS-SP, and ED 
status as covariates.

Data availability
All data are available from the authors upon reasonable request from the corresponding author.

Received: 26 March 2024; Accepted: 19 March 2025

References
	 1.	 Pendolino, A. L., Scarpa, B. & Ottaviano, G. Relationship between nasal cycle, nasal symptoms and nasal cytology. Am. J. Rhinol. 

Allergy 33(6), 644–649. https://doi.org/10.1177/1945892419858582 (2019).
	 2.	 Pendolino, A. L., Lund, V. J., Nardello, E. & Ottaviano, G. The nasal cycle: A comprehensive review. Rhinology Online  1(1), 67–76 

(2018).
	 3.	 Hasegawa, M. & Kern, E. B. The human nasal cycle. Mayo Clin. Proc. 52(1), 28–34 (1977).
	 4.	 KEUNING J. On the nasal cycle. Int. Rhinol.  6, 99–136 (1968). https://cir.nii.ac.jp/crid/1571698599304125056. 
	 5.	 Soubeyrand L. Action of vasomotor drugs on the nasal cycle and ciliary function. (Rhinometric and Biological Study). Action des 

m’edicaments vaso-moteurs sur le cycle nasal et la fonction ciliaire. (Etude rhinom’etrique et biologique)Revue de laryngologie - 
otologie - rhinologie. 84, 594–640 (1963).

	 6.	 Crouse, U. & Laine-Alava, M. T. Effects of age, body mass index, and gender on nasal airflow rate and pressures. Laryngoscope 
109(9), 1503–1508. https://doi.org/10.1097/00005537-199909000-00027 (1999).

	 7.	 Widdicombe, J. Microvascular anatomy of the nose. Allergy 52(40 Suppl), 7–11. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​1​1​/​j​.​1​3​9​8​-​9​9​9​5​.​1​9​9​7​.​t​b​0​4​8​7​7​
.​x​​​​ (1997).

	 8.	 Kahana-Zweig, R. et al. Measuring and characterizing the human nasal cycle. PloS One  11(10), e0162918. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​3​7​1​
/​j​o​u​r​n​a​l​.​p​o​n​e​.​0​1​6​2​9​1​8​​​​ (2016).

	 9.	 Viero, C. et al. Review: Oxytocin: Crossing the bridge between basic science and pharmacotherapy. CNS Neurosci. Ther. 16(5), 138. 
https://doi.org/10.1111/j.1755-5949.2010.00185.x (2010).

	10.	 Gimpl, G., Reitz, J., Brauer, S. & Trossen, C. Oxytocin receptors: ligand binding, signalling and cholesterol dependence. Prog. Brain 
Res. 170, 193–204. https://doi.org/10.1016/S0079-6123(08)00417-2 (2008).

	11.	 Froemke, R. C., Young, L. J. & Oxytocin Neural plasticity, and social behavior. Annu. Rev. Neurosci. 44, 359–381. ​h​t​t​p​s​:​​/​/​d​o​i​.​​o​r​g​/​1​
0​​.​1​1​4​6​/​​a​n​n​u​r​​e​v​-​n​e​u​​r​o​-​1​0​2​​3​2​0​-​1​0​​2​8​4​7 (2021).

	12.	 Yamamoto, Y. & Higashida, H. RAGE regulates Oxytocin transport into the brain. Commun. Biol. 3(1), 70–72. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​
1​0​3​8​/​s​4​2​0​0​3​-​0​2​0​-​0​7​9​9​-​2​​​​ (2020).

	13.	 Yamamoto, Y. et al. Vascular RAGE transports Oxytocin into the brain to elicit its maternal bonding behaviour in mice. Commun. 
Biol. 2(76-6). https://doi.org/10.1038/s42003-019-0325-6 (2019). 

	14.	 Takayanagi, Y. & Onaka, T. Roles of oxytocin in stress responses, allostasis and resilience. Int. J. Mol. Sci. 23(1), 150. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​
g​/​1​0​.​3​3​9​0​/​i​j​m​s​2​3​0​1​0​1​5​0​​​​ (2021).

	15.	 Pierrehumbert, B. et al. Oxytocin response to an experimental psychosocial challenge in adults exposed to traumatic experiences 
during childhood or adolescence. Neuroscience 166(1), 168–177. https://doi.org/10.1016/j.neuroscience.2009.12.016 (2010).

	16.	 Yao, S. et al. Sniffing oxytocin: nose to brain or nose to blood? Mol. Psychiatry. 28(7), 3083–3091. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​3​8​/​s​4​1​3​8​0​-​0​
2​3​-​0​2​0​7​5​-​2​​​​ (2023).

	17.	 Quintana, D. S., Smerud, K. T., Andreassen, O. A. & Djupesland, P. G. Evidence for intranasal Oxytocin delivery to the brain: 
Recent advances and future perspectives. Ther. Deliv.  9(7), 515–525. https://doi.org/10.4155/tde-2018-0002 (2018).

	18.	 Mens, W. B., Witter, A. & van Wimersma Greidanus, T. B. Penetration of neurohypophyseal hormones from plasma into 
cerebrospinal fluid (CSF): Half-times of disappearance of these neuropeptides from CSF. Brain Res. 262(1), 143–149. ​h​t​t​p​s​:​/​/​d​o​i​.​o​
r​g​/​1​0​.​1​0​1​6​/​0​0​0​6​-​8​9​9​3​(​8​3​)​9​0​4​7​8​-​x​​​​ (1983).

	19.	 Quintana, D. S., Alvares, G. A., Hickie, I. B. & Guastella, A. J. Do delivery routes of intranasally administered oxytocin account for 
observed effects on social cognition and behavior? A two-level model. Neurosci. Biobehav. Rev. 49, 182–192. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​
1​6​/​j​.​n​e​u​b​i​o​r​e​v​.​2​0​1​4​.​1​2​.​0​1​1​​​​ (2015).

	20.	 Child Outcomes Research Consortium. RCADS-P Interpretation Aid. ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​c​o​r​​c​.​​u​k​.​n​​e​​t​/​m​e​​d​​i​a​/​1​​2​​2​8​/​r​​c​a​​d​s​_​i​n​​t​e​r​p​r​e​t​a​t​i​o​​n​a​i​
d​.​p​d​f (Accessed 09 Dec 2024).

	21.	 Shamay-Tsoory, S. G. & Abu-Akel, A. The social salience hypothesis of oxytocin. Biol. Psychiatry 79(3), 194–202. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​1​6​/​j​.​b​i​o​p​s​y​c​h​.​2​0​1​5​.​0​7​.​0​2​0​​​​ (2016).

	22.	 Brescovici, S. & Roithmann, R. Modified glatzel mirror test reproducibility in the evaluation of nasal patency. Braz. J. 
Otorhinolaryngol. 74(2), 215–222. https://doi.org/10.1016/s1808-8694(15)31091-0 (2008).

	23.	 Sikich, L. et al. Intranasal oxytocin in children and adolescents with autism spectrum disorder. N. Engl. J. Med. 385(16), 1462–
1473. https://doi.org/10.1056/NEJMoa2103583 (2021).

	24.	 Guastella, A. J. et al. Intranasal oxytocin improves emotion recognition for youth with autism spectrum disorders. Biol. Psychiatry  
67(7), 692–694. https://doi.org/10.1016/j.biopsych.2009.09.020 (2010).

	25.	 Guastella, A. J. et al. The effects of a course of intranasal oxytocin on social behaviors in youth diagnosed with autism spectrum 
disorders: A randomized controlled trial. J. Child Psychol. Psychiatry 56(4), 444–452. https://doi.org/10.1111/jcpp.12305 (2015).

	26.	 Grace, S. A., Rossell, S. L., Heinrichs, M., Kordsachia, C. & Labuschagne, I. Oxytocin and brain activity in humans: A systematic 
review and coordinate-based meta-analysis of functional MRI studies. Psychoneuroendocrinology 96, 6–24. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​
6​/​j​.​p​s​y​n​e​u​e​n​.​2​0​1​8​.​0​5​.​0​3​1​​​​ (2018).

	27.	 Yao, S. & Kendrick, K. M. Effects of intranasal administration of oxytocin and vasopressin on social cognition and potential routes 
and mechanisms of action. Pharmaceutics 14(2), 323. https://doi.org/10.3390/pharmaceutics14020323 (2022).

	28.	 Yeomans, D. C. et al. Nasal oxytocin for the treatment of psychiatric disorders and pain: Achieving meaningful brain concentrations. 
Transl. Psychiatry 11(1), 388–387. https://doi.org/10.1038/s41398-021-01511-7 (2021).

	29.	 Martins, D. A. et al. Author correction: Effects of route of administration on oxytocin-induced changes in regional cerebral blood 
flow in humans. Nat. Commun. 13(1), 1876–w. https://doi.org/10.1038/s41467-022-29419-w (2022).

	30.	 Garfinkel Paul, E. & Garner David, M. Menstrual disorders and anorexia nervosa. Psychiatr. Ann. 14(6), 442–446. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​
1​0​.​3​9​2​8​/​0​0​4​8​-​5​7​1​3​-​1​9​8​4​0​6​0​1​-​0​9​​​​ (1984).

	31.	 Gendall, K. A., Bulik, C. M., Joyce, P. R., McIntosh, V. V. & Carter, F. A. Menstrual cycle irregularity in bulimia nervosa: Associated 
factors and changes with treatment. J. Psychosom. Res. 49(6), 409–415. https://doi.org/10.1016/S0022-3999(00)00188-4 (2000).

	32.	 Benninger, M. S. et al. Techniques of intranasal steroid use. Otolaryngol.–Head Neck Surgery: Off. J. Am. Acad. Otolaryngol.-Head 
Neck Surg. 130(1), 5–24. https://doi.org/10.1016/S0194-5998(03)02085-0 (2004).

Scientific Reports |        (2025) 15:18466 8| https://doi.org/10.1038/s41598-025-95148-x

www.nature.com/scientificreports/

https://doi.org/10.1177/1945892419858582
https://cir.nii.ac.jp/crid/1571698599304125056
https://doi.org/10.1097/00005537-199909000-00027
https://doi.org/10.1111/j.1398-9995.1997.tb04877.x
https://doi.org/10.1111/j.1398-9995.1997.tb04877.x
https://doi.org/10.1371/journal.pone.0162918
https://doi.org/10.1371/journal.pone.0162918
https://doi.org/10.1111/j.1755-5949.2010.00185.x
https://doi.org/10.1016/S0079-6123(08)00417-2
https://doi.org/10.1146/annurev-neuro-102320-102847
https://doi.org/10.1146/annurev-neuro-102320-102847
https://doi.org/10.1038/s42003-020-0799-2
https://doi.org/10.1038/s42003-020-0799-2
https://doi.org/10.1038/s42003-019-0325-6
https://doi.org/10.3390/ijms23010150
https://doi.org/10.3390/ijms23010150
https://doi.org/10.1016/j.neuroscience.2009.12.016
https://doi.org/10.1038/s41380-023-02075-2
https://doi.org/10.1038/s41380-023-02075-2
https://doi.org/10.4155/tde-2018-0002
https://doi.org/10.1016/0006-8993(83)90478-x
https://doi.org/10.1016/0006-8993(83)90478-x
https://doi.org/10.1016/j.neubiorev.2014.12.011
https://doi.org/10.1016/j.neubiorev.2014.12.011
https://www.corc.uk.net/media/1228/rcads_interpretationaid.pdf
https://www.corc.uk.net/media/1228/rcads_interpretationaid.pdf
https://doi.org/10.1016/j.biopsych.2015.07.020
https://doi.org/10.1016/j.biopsych.2015.07.020
https://doi.org/10.1016/s1808-8694(15)31091-0
https://doi.org/10.1056/NEJMoa2103583
https://doi.org/10.1016/j.biopsych.2009.09.020
https://doi.org/10.1111/jcpp.12305
https://doi.org/10.1016/j.psyneuen.2018.05.031
https://doi.org/10.1016/j.psyneuen.2018.05.031
https://doi.org/10.3390/pharmaceutics14020323
https://doi.org/10.1038/s41398-021-01511-7
https://doi.org/10.1038/s41467-022-29419-w
https://doi.org/10.3928/0048-5713-19840601-09
https://doi.org/10.3928/0048-5713-19840601-09
https://doi.org/10.1016/S0022-3999(00)00188-4
https://doi.org/10.1016/S0194-5998(03)02085-0
http://www.nature.com/scientificreports


	33.	 Rilling, J. K. et al. Sex differences in the neural and behavioral response to intranasal Oxytocin and vasopressin during human 
social interaction. Psychoneuroendocrinology 39, 237–248. https://doi.org/10.1016/j.psyneuen.2013.09.022 (2014).

	34.	 Coenjaerts, M. et al. Effects of exogenous oxytocin and estradiol on resting-state functional connectivity in women and men. Sci. 
Rep. 13(1), 3113–y. https://doi.org/10.1038/s41598-023-29754-y (2023).

	35.	 An, D., Wei, C., Wang, J. & Wu, A. Intranasal ketamine for depression in adults: A systematic review and meta-analysis of 
randomized, double-blind, placebo-controlled trials. Front. Psychol. 12, 648691. https://doi.org/10.3389/fpsyg.2021.648691 (2021).

	36.	 Chorpita, B. F., Yim, L., Moffitt, C., Umemoto, L. A. & Francis, S. E. Assessment of symptoms of DSM-IV anxiety and depression 
in children: A revised child anxiety and depression scale. Behav. Res. Ther. 38(8), 835–855. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​s​0​0​0​5​-​7​9​6​7​(​9​9​
)​0​0​1​3​0​-​8​​​​ (2000).

	37.	 Burmester, V., Gibson, E. L., Butler, G., Bailey, A. & Terry, P. Oxytocin reduces post-stress sweet snack intake in women without 
attenuating salivary cortisol. Physiol. Behav. 212, 112704. https://doi.org/10.1016/j.physbeh.2019.112704 (2019).

	38.	 Heinrichs, M., Baumgartner, T., Kirschbaum, C. & Ehlert, U. Social support and oxytocin interact to suppress cortisol and 
subjective responses to psychosocial stress. Biol. Psychiatry  54(12), 1389–1398. https://doi.org/10.1016/s0006-3223(03)00465-7 
(2003).

	39.	 Laddha, U. D. & Tagalpallewar, A. A. Chapter 3 - Physicochemical, biopharmaceutical, and practical considerations for efficient 
nose-to-brain drug delivery. in Direct Nose-to-Brain Drug Delivery (eds Pardeshi, C. V. & Souto, E. B.)  39–54. (Academic, 2021).

	40.	 Bate, S. et al. Intranasal inhalation of oxytocin improves face processing in developmental prosopagnosia. Cortex; J. Devoted Study 
Nerv. Syst. Behav. 50, 55–63. https://doi.org/10.1016/j.cortex.2013.08.006 (2014).

	41.	 Vena, A., King, A., Lee, R. & de Wit, H. Intranasal oxytocin does not modulate responses to alcohol in social drinkers. Alcohol.: 
Clin. Exp. Res. 42(9), 1725–1734. https://doi.org/10.1111/acer.13814 (2018).

	42.	 Crucianelli, L. et al. The effect of intranasal oxytocin on the perception of affective touch and multisensory integration in anorexia 
nervosa: Protocol for a double-blind placebo-controlled crossover study. BMJ Open. 9 (3), e024913–e024913. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​
1​3​6​/​b​m​j​o​p​e​n​-​2​0​1​8​-​0​2​4​9​1​3​​​​ (2019).

Acknowledgements
This experimental work was funded by the National Institute for Health Research (NIHR) Imperial Biomedical 
Research Collaboration (BRC). We acknowledge the support received from the Children’s Research Facility, St 
Mary’s Hospital, Imperial College Healthcare NHS Trust.

Author contributions
Conceptualisation: V.B.; Recruitment of study participants: N.J.; Data collection: N.J., V.B.; Statistical analyses: 
N.J., J.N.; Writing—original draft: N.J.; Writing—review and editing: all authors.

Funding
This report is independent research funded by the National Institute for Health Research (NIHR) Imperial Bi-
omedical Research Collaboration (BRC). DN is also supported by the NIHR Applied Research Collaboration 
(ARC) Northwest London. The views expressed in this publication are those of the authors and not necessarily 
those of the National Institute for Health Research or the Department of Health and Social Care.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to V.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |        (2025) 15:18466 9| https://doi.org/10.1038/s41598-025-95148-x

www.nature.com/scientificreports/

https://doi.org/10.1016/j.psyneuen.2013.09.022
https://doi.org/10.1038/s41598-023-29754-y
https://doi.org/10.3389/fpsyg.2021.648691
https://doi.org/10.1016/s0005-7967(99)00130-8
https://doi.org/10.1016/s0005-7967(99)00130-8
https://doi.org/10.1016/j.physbeh.2019.112704
https://doi.org/10.1016/s0006-3223(03)00465-7
https://doi.org/10.1016/j.cortex.2013.08.006
https://doi.org/10.1111/acer.13814
https://doi.org/10.1136/bmjopen-2018-024913
https://doi.org/10.1136/bmjopen-2018-024913
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Nasal dominance potentiates intranasal oxytocin’s anxiolytic effects
	﻿Results
	﻿Participant characteristics
	﻿Shortened Sing-A-Song Stress test as a stressor
	﻿Effects of oxytocin on stress
	﻿Nostril dominance
	﻿Nostril dominance in placebo condition

	﻿Discussion
	﻿Conclusion
	﻿Methods
	﻿Design
	﻿Participants
	﻿Materials
	﻿Self-report questionnaires
	﻿Shortened ‘Sing-a-Song’ Stress test
	﻿Procedures
	﻿Data

	﻿References


