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Introduction 

Autism spectrum disorder (ASD) is a group of neurodevelopmental disorders 
characterized by deficits in social interaction, communication, and repetitive behavior (1). As the 
etiopathogenesis is unknown, the treatment is symptomatic and inefficient. Only a limited 
number of symptoms in autism is treatable to this day. The most prevalent treatment used so far 
has been antipsychotic medication to treat irritability and hyperactivity (2). Intense research is 
studying potential novel treatment approaches targeting the core symptoms (3). 

Oxytocin (OXT) is a neuropeptide best known for its crucial role in social bonding, social 
behavior, social recognition, and social care (4), which has led to the suggestion of using it as a 
therapeutic treatment in psychiatric disorders defined by deficits in sociability, such as autism. 

Indeed, a number of clinical studies have found the OXT administration to improve social 
functioning and decrease repetitive behavior in autism (5, 6), some reported no significant effects 
of intranasal OXT (7) and many more are still ongoing. However, OXT is still not being utilized 
due to limited effectiveness, that depends on the dose, form of application and mainly on the 
patients. This is accenting the need for further investigation of OXT as a possible therapeutic 
agent. 

With the unclear etiopathogenesis and high heritability of ASD, genetic factors stand out 
as a main component involved. Thus, the genetic models of autism pose an ideal choice for the 
research into the disorder. One of the most prominent genetic animal models used in ASD 
research is the SH3 and multiple ankyrin repeat domains 3 (Shank3) gene haploinsufficiency 
model which exhibits a variety of autism-like phenotype, such as extensive grooming indicating 
repetitive behavior, or abnormal social behavior (8). OXT has been proven to rescue 
morphological and structural neuronal deficits in autistic mice (9). However, the research on 
behavioral effects of OXT in the Shank3 animal model so far has been almost exclusively limited 
to rats, where the role of OXT attenuated ASD phenotype (10). To elucidate the behavioral 
effects of non-invasive OXT treatment, we employed the Shank3 mutant mouse model of ASD. 

Material and methods 

Male wild-type (WT; n = 9) and Shank3B-/- knock-out (KO; n = 10) adult (3-month old) 
mice with C57BL/6 background were used. Animals were group-housed (4-6 per cage) with their 
littermates and kept in a controlled environment of 24 ± 2 degrees Celsius and 55 ± 10% 
humidity with ad libitum access to food and water on a 12-hour light/dark cycle. 

Animals were intranasally administered 0.8 IU/kg OXT (Ferring Pharmaceuticals, 
Switzerland) with the concentration of 1 IU/ml or saline vehicle treatment once daily between 
12:00 and 15:00 according to previously used protocol (11) for the period of 14 consecutive days. 
For the intranasal administration, a single channel 0.5 – 10 μl Pipette was used (Eppendorf, 
Germany). Drops of solution were gently placed equally on both nostrils of the mouse, which 



were inhaled by reflex. Administration and handling were consistent across groups and days of 
administration. No anesthesia was required, as the administration is non-invasive. 

Behavioral testing was conducted 12 hour after the last daily substance administration 
throughout 3 consecutive days. Mice were tested in the PhenoTyper 4500 cage (Noldus 
Information Technology, Wageningen, Netherlands) including an open field arena (45 cm x 45 
cm x 45 cm) for 2 behavioral assays. Each test was carried out in a dimly lit room, with room 
temperature of 24 ± 1 degree Celsius. All animals were habituated to the room at least 30 minutes 
prior to each testing. Mouse handling and experiments were carried out by the same 
experimenters throughout the study. 

In the Reciprocal interaction test, subject animals were socially isolated for 24 hours prior 
to the testing and then randomly paired with a socially novel WT animal of the same sex used as 
a social partner. Both animals were placed in the cage filled with sawdust bedding and left to 
freely interact for 10 minutes while being recorded. Recording was manually scored by an 
observer for cumulative time spent nose-to-nose, nose-anogenital and side-sniffing as a measure 
of social interaction, and self-grooming, digging, lying flat, freezing in contact, or avoiding the 
social partner as a measure of social disinterest. 

In the Open field test, animals were individually placed into the cage and left to freely 
explore for 10 minutes while recorded. Recordings were manually scored by an observer for 
cumulative time of grooming and rearing behavior as a measure of repetitive and explorative 
behavior, respectively. 

Statistical analyses were conducted using IBM SPSS Statistics 23.0 (IBM Corp.). To 
compare the groups, One-way ANOVA followed by the post-hoc analysis using Bonferroni 
correction was used. Data are presented as mean and SEM. P-values of less than 0.05 were 
considered significant. 

Results 

Significant differences were recorded between groups [F(2, 16) = 8.485, p = 0.003] in 
social interaction (Fig. 1A). OXT-treated KO mice spent twice the time (t = -6.131, p < 0.001) 
interacting with the social partner than the vehicle-treated KO group, while vehicle-treated WT 
group interacted more than the vehicle-treated KO group as well (t = 3.647, p = 0.004). No 
differences were observed between OXT-treated KO group and vehicle-treated WT group (t = 
0.221, p = 0.828). 

Furthermore, differences were also noted between the groups in social disinterest [F(2, 
16) = 13.926, p < 0.001, Fig. 1B]. Vehicle-treated KO group exhibited higher social disinterest 
than the OXT-treated KO mice (t = 3.69, p = 0.006). No differences were recorded between both 
the KO and WT vehicle-treated mice (t = -4.029, p = 0.073), as well as between the WT vehicle-
treated group and OXT-treated KO group (t = 1.618, p = 0.13). 



No differences between the groups were observed in grooming [F(2, 16) = 2.835, p = 
0.088, Fig. 1C], and rearing [F(2, 16) = 0.884, p = 0.432, Fig. 1D] behavior. 

Discussion 

 Present study was, to our knowledge, the first to examine the effect of subchronic 
intranasal OXT treatment on autistic phenotype in Shank3 mutant mouse model of ASD. Daily 
intranasal administration of OXT for 2 weeks attenuated social deficits exhibited in saline-treated 
KO mice, but had no effect on the observed repetitive and explorative behavior. 
 Amelioration of social behavior due to OXT in the current paper is a finding consistent 
across several previous studies with CD1, BALB/cByJ and C58/J mice (12, 13) despite the 
designs varying greatly in volumes, lengths, and routes of administration, which might produce 
different prosocial effects (14). However, in the BTBR mouse model (11), with which our study 
shared a substantial portion of methodology, such as strain, administration protocol, dose, and 
behavioral assays, no effect of OXT treatment on the sociability was recorded. The differences in 
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Fig. 1. Comparisons between the groups of WT control mice, KO control mice and KO mice treated with OXT in 
(A) social interaction, (B) social disinterest, (C) grooming as a measure of repetitive behavior and (D) rearing as a 
measure of explorative behavior. The values presented as means and SEM. *** p < 0.001; ** p < 0.01. 



results could be partly explained by the disparity of age in which the animals were tested in both 
studies; our study was done on adult mice, whereas Bales et al. (11) used mice in adolescence. 
Furthermore, authors claim to observe no effects of long-term exposure to OXT on social 
interaction but assessed the reciprocal social interaction only 3 days into the daily OXT 
administration, started at weaning. It is, thus, plausible that the substance in the presented dose 
did not take a sufficient effect at the time of assessment. Recent study investigating the effects of 
OXT administered by intracranial injections in Shank3 rats has noted an impairing effect in social 
memory, but not in social interaction (10). Presumably, the differences in administration route as 
well as in genetic background of subjects might be causing the disparities in the results. Our 
results support the role of subchronic intranasal OXT in rescuing the social deficits in ASD. 
 Repetitive behavior indicated by self-grooming was not affected by the OXT 
administration in our study. These findings contradict the significant effect of the subchronic 
OXT treatment in young adult C58/J mice that decreased the repetitive grooming (13). Besides 
the differences in age of subjects, mentioned study used an intraperitoneal route of 
administration, which is reported to provide a more systemic substance effect (15), possibly 
targeting the relevant underlying mechanisms not yet well-elucidated. Similarly, other studies 
with intranasal OXT administration did not support its effect on repetitive behavior as well (11). 
 Previously reported effects of chronic OXT on exploration (14) were not supported by our 
results. As the mentioned effect was dose-dependent, i.e. only observed in the group with OXT 
dose of 5 IU/kg, which is over 5-fold higher dose than the one used in our study, we expect the 
lower dose to be the key factor behind the noted discrepancies. 
 Our findings, however, should be understood with several limitations in mind. The 
concentrations of the absorbed OXT, as well as its kinetics were not recorded, therefore we lack 
information on effect duration. Furthermore, as ASD is primarily prevalent at an early age, 
adulthood might not be the most optimal age for modelling of the disorder. Although we set out 
to investigate the OXT effect on the core ASD symptomatology, we lacked any measure for the 
deficits in communication, which are highly prevalent in autism. On the other hand, as the 
impaired sociability is arguably the most debilitating condition of ASD, we illustrated a 
substantial attenuative effect of the substance, rendering the social deficiency to none. 
 In conclusion, we demonstrated that subchronic intranasal OXT exposure can reliably 
ameliorate social deficits in the Shank3 mouse model of autism. This effect is already observable 
after 2 weeks of administration. As the prosocial OXT effects tend to vary across different 
models of autism, these preclinical findings provide yet another argument for the number of 
ongoing clinical trials that the effects might depend on the specific sample, and further underline 
the need to conduct pre-clinical trials with different autism models. 
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