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Abstract

Background—Deficits in olfactory identification have been widely reported in patients with
schizophrenia (SZ) and are associated with negative symptomatology. Adjunctive oxytocin
delivered intranasally has been shown to improve some aspects of social cognition as well as
positive and negative symptoms in patients with schizophrenia. Given the intranasal delivery route
of oxytocin to olfactory pathways and that olfactory abnormalities are a potential endophenotype
in SZ, we investigated the effect of intranasal oxytocin on olfactory identification as well as
positive and negative symptoms in people with schizophrenia.

Methods—Individuals with schizophrenia or schizoaffective disorder (n=28; 16 outpatients, 12
inpatients) were randomized to receive adjunctive intranasal oxytocin 20 IU BID or placebo for 3
weeks.

Results—All 28 participants completed the clinical trial. Odor identification performance
significantly improved on the University of Pennsylvania Smell Identification Test (UPSIT) total
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score and subscore for pleasant smells. UPSIT score (F=5.20, df=1,23, p=0.032) and subscore for
pleasant smells (F=4.56, df=1,23, p=0.044), in patients treated with oxytocin were compared to
placebo from baseline to endpoint. Global symptomatology as well as positive and negative
symptoms were not improved by intranasal oxytocin. In fact, global symptoms, not positive or
negative symptoms, improved in the placebo group. Secondary analysis shows that intranasal
oxytocin improved negative symptoms in the small group of inpatients. Intranasal oxytocin was
well tolerated during the three week trial.

Conclusion—Adjunctive intranasal oxytocin may improve olfactory identification, particularly
in items of positive valence. Larger studies are needed to determine the effects of oxytocin on
negative symptoms in SZ.
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1. Introduction

Negative symptoms are largely refractory to standard treatment with first and second
generation antipsychotics and contribute to the increasing social withdrawal and avolition,
as well as the functional and vocational impairments that characterize the deteriorating
clinical course in people with schizophrenia (SZ) (Kirkpatrick et al., 2006). Given this, there
has been considerable interest in developing treatments to ameliorate negative symptoms
and enhance social functioning in people with SZ. Recently, there have been reports of small
clinical studies using repeated intranasal oxytocin as an adjunctive treatment for people with
SZ. These studies have reported improvement in positive and negative symptoms as well as
improvement in some domains of emotional processing and cognitive processing (Bakharev
et al., 1984; Feifel et al., 2010; Pedersen et al., 2011; Feifel et al., 2012; Wacker and
Ludwig, 2012). There is a large literature of animal and human studies showing that
oxytocin enhances a wide range of social behaviors including pair-bonding, maternal
behavior, emotional memory, trust and social approach (Meyer-Lindenberg et al., 2011).

Negative symptoms are a multi-dimensional construct, with consistent support for 2 factors
reflecting on the one hand, motivation—pleasure such as measures of asociality, avolition and
anhedonia, and on the other hand, diminished emotional expressivity such as measures of
alogia and blunted affect (Blanchard and Cohen, 2006). Overall, given the animal and
human literature on the impact of oxytocin on social affiliation, social approach and pair
bonding, oxytocin's effect, if any, might be expected to be apparent particularly in the
domain of motivation and pleasure.

In the animal literature, social affiliation or pair-bonding is mediated via olfactory sensory
signals to limbic structures where oxytocin and dopamine interact to facilitate olfactory
learning and memory (Young and Wang, 2004). Oxytocin receptors are highly expressed on
olfactory neurons as well as limbic structures (Loup et al., 1991) and recent reviews suggest
that oxytocin modulates social recognition and behavior at the level of the olfactory system
(Wacker and Ludwig, 2012). In people with SZ, dysfunction in olfactory processes,
including identification (Stedman and Clair, 1998), discrimination (Dunn and Weller, 1989),
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memory (Wu et al., 1993) and detection threshold sensitivity (Turetsky and Moberg, 2009)
for odors, has been well described. Of these, deficits in smell identification have been most
frequently described in people with SZ (Cascella et al., 2007). Using the University of
Pennsylvania Smell Identification Test (UPSIT) (Doty et al., 1984), Moberg et al. (1999)
report that up to 80% of people with SZ have deficits in odor identification compared to
15% of the general population. The deficits are present early in the disorder and correlate
with the duration of the disorder (Moberg et al., 1997; Ugur et al., 2005) apart from aging
effects (Kopala et al., 1995). Further findings suggesting that deficits in odor identification
might constitute an endophenotype for SZ are that deficits in odor identification are not
associated with gender, or state measures such as medication use, smoking, olfactory
hallucinations, or clinical symptoms at the onset of illness (Kopala et al., 1989; Kopala et
al., 1994; Brewer et al., 2001, 2003; Malaspina and Coleman, 2003; Corcoran et al., 2005;
Rupp et al., 2005; Roalf et al., 2006). In addition, several studies have shown that youth who
are at high risk for psychosis have olfactory dysfunction (Brewer et al., 2003; Keshavan et
al., 2009; Woodberry et al., 2010; Kamath et al., 2011c) and these deficits predict
progression to psychosis (Brewer et al., 2003; Corcoran et al., 2005). Further, studies of
monozygotic twins discordant for SZ (Kopala et al., 1998; Ugur et al., 2005) and of first and
second degree relatives of SZ (Kopala et al., 2001; Roalf et al., 2006; Kamath et al.,
2011b,c) also find deficits in odor identification in unaffected relatives of SZ patients.
Lastly, odor identification deficits in SZ are not attributable to reduced olfactory sensitivity
(Brewer et al., 2001; Rupp et al., 2005).

Importantly, there are several studies that report a relationship between dysfunction in odor
identification and negative symptoms in SZ (Brewer et al., 1996; Stedman and Clair, 1998;
Brewer et al., 2001; Coleman et al., 2002; Malaspina and Coleman, 2003; Corcoran et al.,
2005; Good et al., 2006; Moberg et al., 2006). Specifically, the deficit syndrome (Carpenter
et al., 1988) has been found to be associated with poor performance on the UPSIT
(Malaspina et al., 2002; Malaspina and Coleman, 2003; Moberg et al., 2006; Strauss et al.,
2010). In particular, subscales of the Scale for Assessment of Negative Symptoms (SANS);
(Buchanan et al., 2007) such as blunted affect, apathy and anhedonia have been found to be
predicted by lower UPSIT scores (Ishizuka et al., 2010). With regard to anhedonia, people
with SZ, compared to controls, have impaired performance on the UPSIT that is specific for
positive and neutral-valenced odors, (Kamath et al., 2011d) and rate pleasant odors as less so
(Crespo-Facorro et al., 2001; Moberg and Turetsky, 2003; Plailly et al., 2006).

Given the potential of oxytocin as a treatment for disorders of social affiliation such as SZ
and autism (Young and Wang, 2004; Hammock and Young, 2006; Meyer-Lindenberg et al.,
2011), and the intranasal delivery route of oxytocin to olfactory pathways, abnormalities in
the latter being a potential endophenotype in SZ, we investigated the effect of intranasal
oxytocin on olfactory identification using the UPSIT in a double blind placebo controlled
randomized 3 week clinical trial. We also investigated concomitant changes in negative and
positive symptoms, as well as their relationship to performance on the UPSIT as a
consequence of oxytocin administration.
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2. Subjects and methods

2.1. Participants

Between January 2010 and February 2012 we conducted a double blind randomized clinical
trial (Clinical Trials.gov NCT00884897) of three week treatment with adjunctive intranasal
oxytocin vs. placebo in people with SZ. Those included in the study met the DSM-1V
diagnostic criteria for schizophrenia or schizoaffective disorder as confirmed by the
Structured Clinical Interview for DSM-1V Axis | Disorders, Clinician version (SCID-1V);
(First and S.R.G.M.a.W.J., 2002) were male or female between 18 and 60 years old, on
stable antipsychotic treatment (no change in medication in previous 6 weeks and no change
in dose for past 30 days), were inpatient or outpatient, and were capable of passing the
Evaluation to Sign Consent (ESC) (DeRenzo et al., 1998). Additional information is
provided in the supplementary materials on patient exclusion and enrollment. There was no
change in antipsychotic medication or dosage throughout the 3 week trial.

2.2. Medication dosing and blinding

Each participant was instructed to administer 20 1U oxytocin or placebo intranasally twice
daily. Each 20 IU oxytocin dose consisted of five puffs, each containing 4 1U of oxytocin.
No unblinded staff was involved in clinical ratings for participants. Subjects were
randomized to oxytocin (20 IU BID) or matching placebo and were stratified by inpatient
and smoking status. All patients went a two week lead in stabilization period prior to
randomization in the 3 week study.

2.3. Olfactory identification

Olfactory identification ability was assessed using the University of Pennsylvania Smell
Identification Test (UPSIT; Doty et al., 1984) at baseline and end of treatment. The UPSIT
is a standardized measure that requires identification of 40 common microencapsulated
odors by selecting one of four multiple-choice answers consisting of various odor hames
after birhinal administration. We also calculated valence-specific UPSIT scores based upon
other published studies using the UPSIT in schizophrenia (Strauss et al., 2010; Kamath et
al., 2011a,d). The 40 odorants were divided into pleasant, neutral, and unpleasant categories
using pleasantness ratings from the UPSIT manual (Doty et al., 1984):16 pleasant, 15
neutral and 9 unpleasant items.

2.4. Symptom assessment

The Brief Psychiatric Rating Scale (BPRS) total score (18 items, each scored 1-7) (Overall
and Gorham, 1962; Doty et al., 1984) assessed general psychopathology. The BPRS 4-item
positive symptom score measured changes in positive symptoms. The modified Scale for the
Assessment of Negative Symptoms (SANS) (Buchanan et al., 2007) total score measured
negative symptom change. The average of the SANS avolition and anhedonia/asociality
global items was measured to examine the motivation—pleasure dimension of negative
symptoms that has been found to be separable from diminished emotional expressivity
(restricted affect and alogia) (Blanchard and Cohen, 2006). The Clinical Global Impression
(CGiI) severity of illness item measured global changes (Guy, 1976). The BPRS, SANS, and
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CGI were obtained at baseline, week 1 and after the last dose of study medication. Intraclass
correlation coefficients for these instruments ranged from 0.76 to 0.90. All raters were blind
to treatment assignment. Information on side effect ratings and laboratory tests and results
are provided in the supplementary materials.

2.5. Data analysis

3. Results

A mixed model for repeated measures ANCOVA was used to compare the changes between
treatment groups for symptom scores and for the total UPSIT score. A mixed model was
used controlling for age and baseline values: outcome=baseline primary outcome variable+
age+treatment group-+time+timextreatment. Pleasant, neutral and unpleasant odors were
examined separately. Pearson's correlations coefficients were used to examine the
relationship between change in symptoms and UPSIT performance. For symptom measures
(BPRS, SANS), we examined inpatient status in an exploratory analysis and found a
significant treatmentxinpatient status interaction of the SANS total score and the SANS
dimension of motivation and pleasure. Thus, post hoc analyses examined independent
effects of oxytocin on inpatients and outpatients. For additional information on data
analysis, see the supplementary information.

There were 28 participants randomized to either adjunctive oxytocin nasal spray (N=13) or
matching placebo nasal spray (N=15) for a 3 week study (see Fig. 1 for study flow).

Age was included as a covariate in all analyses as mean age was older in the oxytocin group
(44.7£11.7 versus 35.1+8.2 years). Table 1 shows the baseline demographic and clinical
variables for the two groups.

3.1. Symptom changes

Table 3 shows symptom changes from baseline to endpoint by treatment group for the
BPRS, SANS and CGI. For the total BPRS, there was a significant treatmentxtime
interaction favoring placebo during the study in the repeated measures analysis (F=14.19,
df=1,26, p=0.0009). With respect to SANS total score there was a treatmentxtime
interaction for the SANS total scores (F=2, df=1,26, p=0.17, effect size d=0.01). However,
on exploratory analysis of treatment setting, there was a treatment groupxsetting interaction
(F=5.51, df=1,22, p=0.028) favoring oxytocin in the inpatient setting. Thus, at week 3, there
was a significant difference between treatment groups for the inpatient mean total SANS
scores only: oxytocin: 25.5+7.2, placebo: 38.7+7.4, difference=—8.0+3.4, t=—2.3, df=33.8,
p=0.025. At week 3 there was no significant difference between treatment groups for the
outpatient mean total SANS scores: oxytocin: 34.86+5.64, placebo: 33.00+8.93,
difference=4.8+3.0, t=1.6, df=33.7, p=0.11. Fig. 2 shows the total and the motivation—
pleasure dimension of the SANS scores by treatment and setting. The latter SANS subscore
also showed significant improvement in the oxytocin group in the inpatient setting (F=4.65,
df=1,22, p=0.042). The effect size for the improvement in the total SANS in the inpatient
group was d=0.85 and for the pleasure and motivation dimension, d=0.74.
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3.2. Smell identification

Table 2 shows the UPSIT baseline and endpoint total scores and subscores for pleasant,
neutral and unpleasant odors. There was a significant treatment group x time interaction
such that there was a significant improvement in total UPSIT score in the oxytocin group
relative to placebo from baseline to endpoint (F=5.20, df=1,23, p=0.032). There was also a
treatment groupxtime interaction for pleasant smell UPSIT subscore only such that the
oxytocin group improved significantly (F=4.56, df=1,23, p=0.044) with no significant
treatment effects found for neutral or unpleasant smells. The effect sizes for the between
group difference in change of the UPSIT total score and the pleasant odor score were d=0.32
and d=0.52, respectively. There was no inpatient/outpatient interaction for the UPSIT. We
did not find any significant correlation between changes in UPSIT score and changes in
symptom scores for the total or inpatient or outpatient groups.

4. Discussion

In summary, adjunctive intranasal oxytocin (20 1U BID) given over 3 weeks significantly
improved odor identification on the UPSIT in people with schizophrenia relative to placebo
and this improvement was driven largely by improvement in the identification of pleasant
odors. Global symptomatology was improved significantly in the placebo group, while
secondary analysis showed improvements on the SANS for intranasal oxytocin but only in
the inpatient group.

Performance deficits on the UPSIT in SZ have been shown to be related to negative
symptoms (Brewer et al., 1996; Stedman and Clair, 1998; Brewer et al., 2001; Malaspina
and Coleman, 2003; Corcoran et al., 2005; Good et al., 2006; Moberg et al., 2006; Ishizuka
et al., 2010) and to be valence-dependent. Kamath et al. (2011d) report that odor
identification accuracy on the UPSIT in people with SZ patients is impaired due to errors in
identifying pleasant and neutral odors compared to controls, with no group difference in
ability to correctly identify unpleasant odors. Indeed, accuracy for pleasant odors on the
UPSIT in the Kamath et al. study and at baseline in ours is almost identical, 76 and 75%
respectively. Kamath et al. (2011d) also reports a positive correlation between identification
of unpleasant odors and the SANS anhedonia subscale. People with SZ rate the subjective
experience or “hedonicity” of pleasant odors as less pleasant compared to control subjects
with no difference in hedonicity ratings for unpleasant odors (Crespo-Facorro et al., 2001;
Moberg and Turetsky, 2003; Plailly et al., 2006). Taken together, these findings have lead to
speculation that the abnormalities in neural circuitry for odor processing in SZ may overlap
with those underlying anhedonia.

Oxytocin, we report here, improved performance on the UPSIT in a valence-dependent
manner, that is, specifically for pleasant odors. In human studies using intranasal oxytocin,
mostly in healthy control populations, there is a well described context-dependent effect for
oxytocin over multiple domains, showing some evidence for oxytocin having a stronger
effect on the perception of positive stimuli across a range of stimulus types e.g., faces, words
(Guastella and MacLeod, 2012). In people with schizophrenia single doses of intranasal
oxytocin have been shown to improve emaotion recognition equally for positive and
negatively valenced facial expressions (Averbeck et al., 2011). Other recent studies using
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adjunctive intranasal oxytocin over several weeks in SZ report improvement in verbal
memory (Feifel et al., 2012), as well as positive and negative symptoms (Feifel et al., 2010;
Pedersen et al., 2011). We are the first to examine smell identification with intranasal
oxytocin and report its context-dependent effect in this domain in people with SZ,
selectively improving the specific deficit in olfactory identification on the UPSIT found by
Kamath et al. (2011d). It is, of course, unclear how this improvement in olfactory
identification overall and improvement of identification of pleasant odors relates to the
symptom improvement (positive and negative symptoms) seen in the small studies to date
using adjunctive intranasal oxytocin in SZ.

In general, intranasal oxytocin has not been studied with respect to odor processing in
humans, despite the large body of literature on the role of oxytocin (and vasopressin) on
social odor processing in animal models (Wacker and Ludwig, 2012), although there are
possible species differences that might render olfactory processing less important in human
social interactions. The proximity of olfactory pathways to this intranasal route of delivery,
as well as the known expression of oxytocin receptors on olfactory neurons, in the
hypothalamus as well as in the frontal, temporal cortices and the striatum (Loup et al.,
1991), areas known to be involved in odor identification (Kjelvik et al., 2012) and to be
dysfunctional in SZ (Nguyen et al., 2010), warrants further investigation of this drug on
olfactory processing in this population.

We did not find that adjunctive intranasal oxytocin improved negative symptoms relative to
placebo in the full sample as others have found (Feifel et al., 2010; Pedersen et al., 2011).
We did, however, find a significant improvement in total and motivation—pleasure SANS
subscore negative symptoms in the group treated with oxytocin in the inpatient setting
(N=6), in the absence of a main effect of treatment setting on negative symptoms. The
inpatient environment provides more opportunity for social interaction and in this setting
adherence to treatment is guaranteed. That a drug effect was limited to a socially-enriched
context is a finding that has also been reported in other studies using intranasal oxytocin in
healthy controls (Heinrichs et al., 2003; Kosfeld et al., 2005).

Although performance deficits on the UPSIT have been shown to be associated with
negative symptoms, we found no correlation overall at baseline or, for either treatment
group, between negative symptom change and UPSIT total score change or for subscore
changes. However, this pilot study might have lacked the power to give any convincing
evidence for or against the idea that changes in the SANS and UPSIT are correlated as a
function of oxytocin administration. A larger study is needed to more appropriately identify
if indeed a relationship exists. Also, the use of oxytocin used in a subgroup with significant
olfactory impairments may be ideal to study the relationship of improvements to symptom
improvements such as negative symptoms.

There are several limitations to our study. First, the dose used in this study was lower than
used in the other published studies to date using 80 IU (Feifel et al., 2010) and 48 1U
(Pedersen et al., 2011). It is intriguing, however, that for the entire sample (n=28), the
largest effect from the dose used in our study was on olfaction which is mediated by neural
structures most proximate to the delivery of the drug, the olfactory epithelium and primary
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olfactory cortex. Using larger doses of oxytocin, might impact negative and or positive
symptoms, that are mediated by more distant, complex neurocircuitry. Second, our small,
pilot study did not recruit for high levels of paranoia at baseline as did the two other studies
of adjunctive intranasal oxytocin reporting improvements in positive symptoms (Feifel et al.,
2010; Pedersen et al., 2011). Third, while baseline cognitive function did not differ between
groups, we are not sure if neurocognitive measures were affected by oxytocin in the study.
Lastly, our study was only a 3 week intervention and negative symptoms often take much
longer to improve (Fleischhacker, 2000). Thus, longer term studies with adjunctive
intranasal oxytocin may allow for more improvement in this symptom domain.

In conclusion, this pilot study provides evidence that intranasal oxytocin, 20 mg 1U BID,
given to people with schizophrenia is well tolerated and is associated with improvements in
smell identification, particularly for pleasant odors. It also may be effective for a domain of
negative symptoms that is difficult to treat: avolition and anhedonia, particularly in the
context of social support. This data suggests that adjunctive intranasal oxytocin warrants
further study for its impact on symptoms and olfaction in people with schizophrenia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Study flow diagram.
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Fig. 2.

SANS scores by treatment setting and medication. SANS total settingxtreatment interaction:

F=5

51, df=1,22, p=0.028. Week 3: treatment difference inpatients, p=0.025, outpatients,

p=0.120. SANS total avolition/anhedonia/asociality settingxtreatment interaction: F=4.65,
df=1,22, p=0.042. There were N=6 inpatients on oxytocin, N=7 outpatients on oxytocin.
There were N=6 inpatients on placebo, N=9 outpatients on placebo.

Schizophr Res. Author manuscript; available in PMC 2014 August 07.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Leeetal.

Baseline demographic and clinical information.

Oxytocin Placebo

(N=13) (N=15)
Age (years)* +SD 447441174  35.0748.21
Sex (male) 9 (69%) 11 (73%)
Race (White) 10 (77%) 8 (53%)
Education level (years) 12.08+2.84 11.86+1.70
Marital status (never married)  11(92%) 14 (93%)
Outpatient/inpatient 716 9/6
Smoker 9 (69%) 10 (67%)
CGlI (Global) 3.77+0.63 3.57+0.46
Total BPRS 37.31£7.24 34.00£7.78
SANS total score 31.19+7.85 36.00+8.54
BMI (mean)+SD (kg/m?) 30.7746.34  32.64+5.08
Type Il Diabetes 5(38%) 2(13%)
RBANS 79.3£12.9 75.0£13.0

*p=0.03.
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Table 2

University of Pennsylvania Smell Identification Test (UPSIT).

Oxytocin Placebo  giatigticd

(N=13) (N=15)
Total score baseline 31.31+5.63  32.07+3.00
Total score endpoint 32.46+3.60 31.79+5.15 F=5.20, df=1,23, p=0.032
Pleasant odor baseline 12.15%2.79 12.86+1.35
Pleasant odor endpoint 13.00+£1.68 12.57+2.59 F=4.56, df=1,23, p=0.044
Neutral odor baseline 12.46+2.37 12.50+1.70
Neutral odor endpoint 12394250 12.50+2.31 F=1.79, df=1,23, p=0.194
Unpleasant odor baseline 6.69+1.31 6.64+0.84
Unpleasant odor endpoint 7.15+0.80 6.71+1.20 F=1.38, df=1,23, p=0.253

a . . .
ANCOVA treatment assignment, controlling for age and baseline.
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