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The Role of Oxytocin in Impaired Social Cognition
in Autism Spectrum Disorders

John J. Salvatore

Autism spectrum disorder (ASD) is an umbrella term
that encompasses the diagnoses of Aspberger’s disorder and
pervasive developmental disorder-not otherwise specified, in
addition to the more severe diagnosis of autism. Interest in
the causes and treatment of ASD has spiked in recent years
due to an increase in prevalence in ASD in children over the
last decade, to approximately 3.4 per 1000 children.

Although the causes of ASD are not yet fully understood,
a controversial hypothesis that measles-mumps-rubella
(MMR) vaccine and thimerosal-containing vaccines cause
autism was definitively ruled out by a 2004 Immunization
Safety Review.? There is much stronger scientific evidence
implicating a role of genetics in the development of the dis-
order; one study determined the heritability of autistic disor-
ders to be around 90%.* Genome-wide searches for loci that
convey risk for ASD have produced candidate genes on nearly
every chromosome,* though the genetic basis of ASD remains
ambiguous and elusive.’

One of the most debilitating impairments that ASD
patients must cope with is the development of abnormal
social cognition. Research conducted in animals suggests that
the uniquely mammalian hormone and neuropeptide oxy-
tocin plays a key role in the development of normal social
cognition and behavior in a multitude of species. The aim
of this review is to examine studies conducted in nonhuman
mammals, as well as recent genomic studies and clinical tri-
als to investigate whether an abnormal oxytocin system may
contribute to the development of impaired social cognition
in ASD.

Oxytocin injections into the left lateral ventricle of female
rats have been shown to cause the full expression of maternal
behavior.® The onset of normal maternal behaviors in female
rats following pregnancy was blocked when oxytocin recep-
tor antagonists were infused.” One research team found that
patterns of oxytocin receptor density in several brain areas of
prairie voles predicted maternal behavior® and that blocking
these receptors with oxytocin antagonists eliminated spon-
taneous maternal behavior. Interestingly, one study reported
that maternal behavior in rats was highly heritable across gen-
erations, but was not attributable to differences in genotype.’
A subsequent study found that these differences in maternal
behavior were associated with differences in oxytocin receptor
expression in the central nucleus of the amygdala,'® a struc-
ture thought to be heavily involved in processing emotional
content. Studies of postpartum human mothers found that
oxytocin levels were correlated with a mental component of
human bonding, including attachment-related thoughts and
frequent checking of the child."

Other studies found that infant oxytocin receptor knock-
out mice showed deficits in social discrimination,'? as did

infant oxytocin knockout mice."” Infusion of oxytocin in
adult male rats was found to double the time spent in physi-
cal contact with females.'" Brain infusions of oxytocin were
found to initiate the formation of pair bonds in prairie voles,
whereas oxytocin antagonists administered at the same time
eliminated the formation of pair bonding."” A recently pub-
lished study found that female prairie voles treated with
nucleus acumbens infusions of adeno-associated viral vec-
tors containing gene coding the oxytocin receptor resulted
in a local increase in receptor expression and also accelerated
the development of partner preferences.' Studies in primates
have shown that highly social bonnet macaques have high
oxytocin levels, whereas socially withdrawn pigtail macaques
show lower levels."” In humans, double blind administration
of intranasal oxytocin prevented subjects from reducing trust
of others in the face of betrayal.'"® Additionally, participants
who received oxytocin showed reduced brain activity mea-
sured by functional magnetic resonance imaging (fMRI) in
the amygdala.'

Oxytocin administration has also been shown to facili-
tate social memory and recognition among rats."” Male oxy-
tocin knockout mice were found to exhibit symptoms of
social amnesia, but social memory was completely restored
after brain infusion of oxytocin.” Intranasal administration
of oxytocin also improved humans’ recognition of previously
presented faces.”!

Another study found that intranasal administration of
oxytocin was effective in reducing the number and severity of
repetitive behaviors over a four hour period in human patients
diagnosed with ASD.*> Recent studies have found that oxyto-
cin administered intranasally was effective in improving the
processing of emotional cues conveyed by faces® and of emo-
tional content of speech? in patients diagnosed with ASD.

Three separate studies examining differences in single-
locus alleles and haplotype frequencies between patients with
ASD and healthy controls have found single nucleotide poly-
morphisms (SNPs) and haplotypes conveying heightened risk
for autism within the 3p25 region, containing the gene for
the oxytocin receptor.”>**?” One remarkable study found evi-
dence of an epigenetic inheritance due to significant increases
in methylation within the promoter region of the gene cod-
ing for the oxytocin receptor in ASD patients compared to
healthy controls.” This hypermethylation was correlated with
decreases in oxytocin receptor expression.?®

These studies suggest that the oxytocin system is heavily
involved in the expression of normal social behaviors, includ-
ing maternal behavior, pair bonding, and social memory
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across several species of mammals. The findings from animal
studies have received support from research done in humans
linking oxytocin levels to socially relevant variables, such as
attachment-related thoughts and trusting behavior.

The oxytocin system likely mediates social cognition via
the brain’s reward and pleasure system, as increasing the
expression of oxytocin receptors in the nucleus acumbens, an
area heavily involved in addiction and rewarding behaviors,
facilitated pair bonding. The amygdala is also a likely locus of
oxytocinergic influence, as it has been linked to social cogni-
tion in both in animal and human studies. In humans, the
influence of oxytocin on the amygdala may be the basis for
emotional processing of socially relevant stimuli.

The findings that intranasal oxytocin administration alle-
viated deficits in emotional processing as well as repetitive
behaviors, two of the most characteristic symptoms of ASD,
suggest that an abnormality in the normal brain oxytocin sys-
tem may underlie the disorder. This claim has recently found
support from the genomic literature reviewed linking ASD to
hypermethylation of the promoter region of the gene encod-
ing the oxytocin receptor. These results also reconcile the
disparity between the high heritability of ASD and the lack
of genetic evidence to support it. Considering the evidence
for an epigenetic mode of inheritance of maternal behavior
in rats, it seems plausible that a similar epigenetic mode of
inheritance may underlie ASD.

Although the etiology of ASD still largely remains a mys-
tery, recent evidence has begun to shed some light on the issue.
Converging evidence across multiple disciplines, including
neuroendocrinology, genomics, molecular psychiatry, and
other biomedical sciences suggest that the brain oxytocin sys-
tem may underlie the abnormalities in social cognition char-
acteristic of ASD. Although ASD shows high heritability, the
disorder likely has an epigenetic rather than purely genetic
basis. The oxytocin system may prove to be a fruitful target
for researchers and physicians seeking novel treatments to
improve the lives of both ASD patients and their families.

References

1. Yeargin-Allsopp, M., Rice, C., Karapurkar, T., Doernberg, N., Boyle, C.,
& Murphy, C. (2003). Prevalence of autism in a US metropolitan area.
Journal of the American Medical Association, 289, 49-55.

2. Institute of Medicine. Immunization safety review: Vaccines and autism.
Available: http://www.iom.edu/CMS/3793/4705/20155.aspx. Accessed
15 December 2009.

3. Freitag, C.M. (2007). The genetics of autistic disorders and its clinical
relevance: A review of the literature. Molecular Psychiatry, 12, 2-22.

4. Vorstman, J.A.S., Staal, W.G., van Daalen, E., van Engeland, H., Hoch-
stenbach, P.ER., & Franke, L. (2006). Identification of novel autism can-
didate regions through analysis of reported cytogenetic abnormalities
associated with autism. Molecular Psychiatry, 11, 18-28.

5. O’Roak, B.J., & State, M.W. (2008). Autism genetics: Strategies, chal-
lenges, and opportunities. Autism Research, 1, 4-17.

6. Pedersen, C.A., Ascher, J.A., Monroe, Y.L., & Prange, A.J (1982). Oxyto-
cin induces maternal behavior in virgin female rats. Science, 216, 648-
650.

7. Pedersen, C.A., Caldwell, ].D., Walker, C., Ayers, G., & Mason, G.A.
(1994). Oxytocin activates the postpartum onset of rat maternal behav-
ior in ventral tegmental and medial preoptic areas. Behavioral Neurosci-
ence, 108, 1163-1171.

8. Olazabal, D.E., & Young, L.J. (2006a). Species and individual differences
in juvenile female alloparental care are associated with oxytocin receptor
density in the striatum and the lateral septum. Hormones and Behavior,
49, 681-687.

9. Francis, D.D,, Diorio, J., Liu, D., & Meaney, M.J. (1999). Nongenomic
transmission across generations of maternal behavior and stress
responses in the rat. Science, 286, 1155-1158.

10. Francis, D.D., Champagne, E.C., & Meaney, M.J. (2000). Variations in

46  TUFTSCOPE Spring 2010 * Volume 9, Issue IT

maternal behavior are associated with differences in oxytocin receptor
levels in the rat. Journal of Neuroendocrinology, 12, 1145-1148.

. Feldman, R., Weller, A., Zagoory-Sharon, O., & Levine, A. (2007). Evi-
dence for a neuroendocrinological foundation of human affiliation:
Plasma oxytocin levels across pregnancy and the postpartum period
predict mother-infant bonding. Psychological Science, 18, 965-970.

12. Takayanagi, Y., Yoshida, M., Bielsky, L.E, Ross, H.E., Kawamata, M.,
Onaka, T., Yanagisawa, T., Kimura, T., Matzuk, M,.M.,, Young, L.J., &
Nishimori, K. (2005). Pervasive social deficits, but normal parturition,
in oxytocin receptor-deficient mice. Proceedings of the National Acad-
emy of Sciences, 102, 16096-16101.

13. Winslow, J.T., Hearn, E.E, Ferguson, J., Young, L.J., Matzuk, M.M., &
Insel, T.R. (2000). Infant vocalization, adult aggression, and fear behav-
ior of an oxytocin null mutant mouse. Hormones and Behavior, 37, 145-
155.

14. Witt, D.M., Winslow, J.T., & Insel, T.R. (1992). Enhanced social interac-
tions in rats following chronic, centrally infused oxytocin. Pharmacol-
ogy Biochemistry and Behavior, 43, 855-861.

15. Williams, J.R., Insel, T.R., Harbaugh, C.R., & Carter, C.S. (1994). Oxyto-
cin administered centrally facilitates formation of a partner preference
in female prairie voles (microtus ochrogaster). Journal of Neuroendo-
crinology, 6, 247-250.

16. Ross, H.E., Freeman, S.M., Spiegel, L.L., Ren, X., Terwilliger, E.E, Young,
L.J. (2009). Variation in oxytocin receptor density in the nucleus acum-
bens has differential effects on affiliative behaviors in monogamous and
polygamous voles. Journal of Neuroscience, 29, 1312-1318.

17. Rosenblum, L.A., Smith, E.L., Altemus, M., Scharf, B.A., Owens, M.].,
Nemeroff, C.B., Gorman, ].M., Coplan, J.D. (2002). Differing concentra-
tions of corticotropin-releasing factor and oxytocin in the cerebrospinal
fluid of bonnet and pigtail macaques. Psychoneuroendocrinology, 27,
651-660.

18. Baumgartner, T., Heinrichs, M., Vonlanthen, A., Fischbacher, U., & Fehr,
E. (2008). Oxytocin shapes the neural circuitry of trust and trust adap-
taion in humans. Neuron, 58, 639-650.

19. Benelli, A., Bertolini, A., Poggioli, R., Menozzi, B., Basaglia, R., & Arletti,
R. (1995). Polymodal dose-response curve for oxytocin in the social rec-
ognition test. Neuropeptides, 28, 251-255.

. Ferguson, J.N., Young, L.J., Hearn, E.F, Matzuk, M.M.,, Insel, T.R., &
Winslow, J.T. (2000). Social amnesia in mice lacking the oxytocin gene.
Nature, 25, 284-288.

.Rimmele, U., Hediger, K., Heinrichs, M., & Klaver, P. (2009). Oxytocin
makes face in memory familiar. The Journal of Neuroscience, 29, 38-42.

22.Hollander, E., Novotny, S., Hanratty, M., Yaffe, R., DeCaria, C.M.,
Aronowitz, B.R., & Mosovitch, S. (2003). Oxytocin infusion reduces
repetitive behaviors in adults with autistic and Aspberger’s disorders.
Neuropsychopharmacology, 28, 193-198.

. Guastella, A.]., Einfeld, S.L., Gray, K.M., Rinehart, N.J., Tonge, B.J., Lam-
bert, T.J., & Hickie, I.B. (2009). Intranasal oxytocin improves emotion
recognition for youth with autism spectrum disorders. Biological Psy-
chiatry, In press.

24. Hollander, E., Bartz, J., Chaplin, W., Phillips, A., Sumner, J., Soorya, L.,

Anagnostou, E., & Wasserman, S. (2007). Oxytocin increases retention
of social cognition in autism. Biological Psychiatry, 61, 498-503.

25.McCauley, J.L., Li, C,, Jiang, L., Olson, L.M., Crockett, G., Gainer, K.,
Folstein, S.E., Haines, J.L., & Sutcliffe, J.S. (2005). Genome-wide and
ordered-subset linkage analyses provide support for autism loci on 17q
and 19p with evidence of phenotypic and interlocus genetic correlates.
BMC Medical Genetics, 6, 1.

26. Lauristen, M.B., Als, T.D., Dahl, H.A,, Flint, T.]., Wang, A.G., Vang, M.,
Kruse, T.A., Ewald, H., & Mors, O. (2006). A genome-wide search for
alleles and haplotypes associated with autism and related pervasive
developmental disorders on the Faroe Islands. Molecular Psychiatry, 11,
37-46.

27. Lerer, E., Levi, S., Salomon, S., Darvasi, A., Yirmiya, N., & Ebstein, R.P.
(2008). Association between the oxytocin receptor (OXTR) gene and
autism: relationship to Vineland adaptive behavior scales and cognition.
Molecular Psychiatry, 13, 980-988.

28. Gregory, S.G., Connelly, J.J., Towers, A., Johnson, J., Biscocho, D., Marku-
nas, C., Lintas, C., Abramson, R.K., Wright, H.H., Ellis, P., Langford,
C.E, Worley, G., Delong, G.R., Murphy, S.K., Cuccaro, M.L., Persico, A.,
& Pericak-Vance, M.A. (2009). Genomic and epigenetic evidence for
OXTR deficiency in autism. BMC Medicine, 7, 62.

1

—

2

(=}

2

—

2

W



