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ARTICLE INFO ABSTRACT

Keywords: Background: Oxytocin (OT) treatment in drug addiction studies have suggested potential therapeutic benefits.
Intranasal There is a paucity of clinical trial studies of oxytocin in cocaine use disorders.

Oxyt?cm Method: This was a 6-week randomized, double-blind, outpatient clinical trial study investigating the effect
ggz;“e of daily Intranasal Oxytocin (24 IU) on cocaine use by cocaine use disorder patients. After a 7-day inpatient

abstinence induction stage, patients were randomized to intranasal oxytocin or intranasal placebo. During the
outpatient phase, cocaine use disorder patients were required to present themselves to the research staff 3 times a
week for witnessed randomized medication administration, to provide a urine sample for qualitative toxicology,
and complete mandatory assessments, including the Time-Line-Follow Back. For the interim days, patients were
given an “at-home” bottle that was weighed at each clinic visit to monitor compliance.

Results: Neither administration of Intranasal placebo (n = 11) or Oxytocin (n = 15) induced at least 3 weeks of
continuous abstinence. However, from week 3, the odds of weekly abstinence increased from 4.61 (95% CI = 1.05,
20.3) to 15.0 (CI = 1.18, 190.2) by week 6 for the Intranasal Oxytocin group (t = 2.12, p = 0.037), though there
was no significant group difference overall in the odds of abstinence over time (F; g9 = 1.73, p = 0.19). More
patients on Intranasal Oxytocin dropped out (p = 0.0005).

Conclusions: Intranasal Oxytocin increased the odds of weekly abstinence in Cocaine patients after 2 weeks
compared to PBO, but was associated with a higher dropout rate. (ClinicalTrials.gov 02,255,357, 10/2014)

1. Introduction

Cocaine addiction affected nearly 1.5 million people in the USA in
2014 (NIDA, 2020). Addiction to cocaine is related to behavioral con-
ditioning and physiological adaptations in brain neural systems that be-
come dysregulated to the point of being non-functional without the drug
itself (Raby et al., 2008). This dysregulation is thought to underlie the
transition from abuse to addiction and its relapsing nature (Koob and
Kreek, 2007).

The gravity of cocaine addiction is compounded by the lack of FDA-
approved medicinal treatment to support the effect of behavioral treat-
ment. Most research efforts have focused on monoamine, serotoner-
gic, GABAergic, or glutaminergic agents (Shorter and Kosten, 2011;

Johnson et al., 2013; Kampangkaew et al., 2019) and stress reactivity
(Fox and Sinha, 2014; Schluger et al., 2001; Kablinger et al., 2012). Fo-
cus on regulation of stress reactivity in addiction (Koob and Kreek, 2007)
and on the loss of social norms among drug users (McGregor et al., 2008;
Young et al., 2011), has generated interest in oxytocin due to its pur-
ported role in these traits and regulation of stress.

Oxytocin was one of the first characterized neuropeptides (Du Vi-
gneaud et al., 1954). It was isolated from the Supraoptic and Paraven-
tricular nuclei of the hypothalamus where it is produced, and from
the neurohypophysis, from which it is secreted in the peripheral cir-
culation (Martin, 2012) to regulate autonomic functions such as lacta-
tion. Since then, oxytocin and its respective receptor, has been detected
in the central nervous system beyond the hypothalamus (Buijs, 1978;

* Corresponding author at: Division on Substance Abuse, Department of Psychiatry, Montefiore Medical Center, Albert Einstein College of Medicine, 1510 Waters

Place, 2nd Floor, Bronx, NY 10461, United States of America.
E-mail address: Wilfrid.Raby @nyspi.columbia.edu (W. Noél Raby).

https://doi.org/10.1016/j.dadr.2021.100016

Received 4 October 2021; Received in revised form 19 November 2021; Accepted 6 December 2021
2772-7246/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.dadr.2021.100016
http://www.ScienceDirect.com
http://www.elsevier.com/locate/dadr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dadr.2021.100016&domain=pdf
mailto:Wilfrid.Raby@nyspi.columbia.edu
https://doi.org/10.1016/j.dadr.2021.100016
http://creativecommons.org/licenses/by-nc-nd/4.0/

W. Noél Raby, M. Heller, D. Milliaressis et al.

Tribollet, 1992; Leong et al., 2017) and the effects of oxytocin has
been studied on an array of physiological and behavioral manifestations
(Lee and Weerts, 2016; Aguilera and Rabadan-Diehl, 2000).

Research reports suggest a role for oxytocin in addiction treat-
ment (Carson et al., 2013; Sarnyai, 2014). In animal models oxytocin
administration is reported to attenuate cue-induced cocaine seeking
(Bentzley and Aston-Jones, 2014; Morales-Rivera et al., 2014), cocaine
stereotyped behavior (Carson et al., 2013; Leong et al., 2016) and co-
caine self-administration (Zhou et al., 2014). In human studies, it has
been reported to reduce cravings in cannabis users (McRae-Clarke et al.,
2013), stress reactivity (Moeni et al., 2019), and state anger in co-
caine users, a predictor of relapse (Lee et al., 2014). One pilot clini-
cal trial of Intranasal Oxytocin reported decreased cocaine craving and
use in methadone-maintained patients (Stauffer et al., 2016). Further-
more, recurrent cocaine use leads to lower endogenous oxytocin lev-
els (Light et al., 2004; Lin et al., 2015), to deplete oxytocin stores in
the hypothalamus and amygdala (Sarnyai et al., 1992; Sivukhina et al.,
2006) and increasing oxytocin receptors at these sites (Liberzon and
Young, 1997). Consequently, cocaine abuse may create a hormonal en-
vironment sensitive to exogenous oxytocin. As a small polypeptide, oxy-
tocin can be administered by an Intranasal (IN) route that delivers it to
CNS areas where the pathology of cocaine addiction is thought to arise
(Banks, 2008; Lee et al., 2020).

We present here the results of a preliminary 6-week double-blind,
randomized, placebo-controlled outpatient clinical trial that assessed
the effect of daily Intranasal Oxytocin on abstinence from cocaine. We
hypothesized: 1) Intranasal Oxytocin would be a safe and feasible treat-
ment for patients seeking treatment for cocaine use disorder; 2) In-
tranasal Oxytocin would reduce cocaine use compared to placebo. The
primary clinical outcome was at least 3 weeks of continued abstinence
after abstinence induction and the main secondary outcome was weekly
cocaine use during the 6-week trial.

2. Material and methods
2.1. Study patients

Patients were recruited by local advertising. The study was con-
ducted at the STARS clinic, a research clinic of the Division on Substance
Use at the New York State Psychiatric Institute (NYSPI) and Columbia
University. It was approved by the NYSPI Institutional Review Board
(IRB 6093).

Medical screening included a history and physical examination,
urine toxicology to verify cocaine use, pregnancy test for women, an
electrocardiogram, a comprehensive metabolic panel, and complete
blood count. We used the MINI International Neuropsychiatric Interview
to confirm the DSM-1V diagnosis of cocaine dependence (Lecrubier et al.,
1997). To verify the integrity of the olfactory system in intranasal co-
caine users, potential patients were administered the Picture Smell Iden-
tification Test (PSIT; Suzuki et al., 2004). All patients passed the PSIT.
Study inclusion criteria required that cocaine use disorder patients were:
1) between the age of 18-60; 2) met DSM-IV criteria for current co-
caine dependence, and were seeking treatment; 3) displayed at least
one cocaine-positive urine toxicology during screening; 4) used cocaine
weekly, at least 4 days in the past thirty days; 5) no current or history
of hyponatremia (Na < 135 meq/L, exclusion criteria); 6) for female
patients, a negative pregnancy test and written assurance of the use of
a contraceptive during the study. Patients voluntarily signed a written
consent form describing all aspects of the study. The study was con-
ducted from December 2014 through May of 2016.

2.2. Study design
After a 7-day inpatient abstinence induction stage, cocaine use dis-

order patients were randomized to Intranasal Oxytocin (IN OT 24 IU) or
Intranasal Placebo (IN PBO) according to a stratified permuted blocks
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algorithm that was unknown to the investigators until data analysis
could commence. There we no demographic differences between medi-
cation groups. The patients were asked to attend the clinic three times a
week. At each of these visits, they completed self-reports: Cocaine crav-
ing scale (Weiss et al., 1997), the Perceived Stress Scale (Cohen et al.,
1983), and the Clinician Global Inventory (CGI-self; Guy, 1976). With a
member of the research staff, they completed the Time Line Follow Back
(Robinson et al., 2012) to document cocaine use, underwent compliance
monitoring (see below), supplied urine toxicology (qualitative by urine
dip-stick) and self-administered the randomized medication. At one of
these visits, they met with the principal investigator to review progress
in the study, undergo compliance enhancement therapy, and complete
clinician-based ratings: CGI-observer (Guy, 1976), Hamilton Depression
scale, 25 items (Williams, 1988).

2.3. Training for in administration

All cocaine use disorder patients were trained by staff to self-
administer IN solutions for the clinical trial (Born et al., 2002;
Dhuria et al., 2010). Two pre-packaged insufflator bottles of either oxy-
tocin or placebo solutions were prepared for each participant, one des-
ignated as the “at home” bottle for use outside the clinic, and one the
“clinic” bottle for use at the clinic. Each bottle was weighed prior to
use. Twenty-four IU of oxytocin required three insufflations per nos-
trils, similarly for placebo. For use at home, Patients were instructed to
administer 3 insufflations or “puffs” in each nostril daily upon awak-
ening. Based on animal and human studies, Intranasal Oxytocin enters
the brain and reach its peak pharmacodynamics concentration within
30 min of insufflation (Lee et al., 2020; Paloyelis et al., 2016).

2.4. Compliance monitoring

Compliance was monitored in two ways: (1) witnessed self-
administration of the randomized medication at the time of clinic visits
from a bottle designated as the “clinic bottle”, and (2) single-blinded
weighing of the “at home bottle” at each study visit. For (1), compli-
ance was computed as the percentage of visits where IN administration
of the medication was actually witnessed. For (2), the expected mass (cc)
of the “at home bottle” was compared to the weighed mass by plotting
the mass at each visit. Deviation of the actual curve above the expected
curve was an indication of under-compliance. The area under the curve
(AUC) was computed for the expected and actual curves, and the ratio
of the expected to actual AUC was computed for each participant and
summarized using means and standard deviations.

2.5. Compensation

Patients could accumulate vouchers for completing all study proce-
dures (bringing “at-home bottle”, assessments, study visits). If they did,
each study visit added $5. Each consecutive week with full study com-
pliance added an extra $20. We covered transportation costs ($5). With
all study procedures completed, patients could earn $300.

2.6. Data analysis

2.6.1. Clinical trial outcomes

Cocaine use was determined using urine toxicology and TLFB self-
reports. In a given week, cocaine use was rated positive if the urine
toxicology test was positive, regardless of the self-report, or if the self-
report was positive regardless of the urine toxicology test. Cocaine use
was rated negative if both the urine toxicology test and the self-report
were negative, if the self-report was negative and the urine toxicology
test was missing, or if the urine toxicology was negative and the self-
report was missing. Cocaine use status was rated as missing if both the
urine toxicology test and self-report were missing. To assess the veracity
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Table 1
Demographic characteristics at baseline by treatment group (n = 26).
IN OT IN PBO Overall
(n=15) (n=11) (n=26)

Mean (SD) Mean (SD) Mean (SD)
Characteristic n or% n or% n or%
Demographics
Age 15 50.1 (5.3) 11 50.4 (5.9) 26 50.2 (5.4)
Sex
Male 10 66.7% 9 81.8% 19 73.1%
Female 5 33.3% 2 18.2% 7 26.9%
Race
African American 14 93.3% 10 90.9% 24 92.3%
White 0 0.0% 0 0.0% 0 0.0%
Asian 0.0% 0 0.0% 0 0.0%
Hispanic/Latino 1 6.7% 1 9.1% 2 7.7%
Years of Education 13 12.6 (1.0) 10 12.7 (1.5) 23 12.7 (1.2)
Annual Income
<$20K 1 6.7% 3 27.3% 4 15.4%
$20K-$30K 13.3% 2 18.2% 4 15.4%
>$30K 6.7% 0 0.0% 1 3.9%
N/A 11 73.3% 6 54.6% 17 65.4%
Days of Cocaine Use for the 30 days prior to study entry 15 11.1 (5.8) 11 11.2(5.8) 26 11.1 (5.7)
Age of Substance Use
Age of 1st Cocaine Use 11 21.2(5.7) 10 21.7 (5.9) 21 21.4 (5.6)
Age of Regular Cocaine Use 9 23.8 (5.7) 5 27.8 (8.7) 14 25.2 (6.9)
Age of 1st Crack Cocaine Use 12 28.0 (10.0) 9 27.0 (6.0) 21 27.0 (8.0)
Age of Regular Crack Cocaine Use 11 30.0 (9.0) 9 28.0 (6.0) 20 29.0 (7.0)
Age of 1st Marijuana Use 10 15.2 (3.6) 11 16.6 (3.7) 21 16.0 (3.6)
Age of Regular Marijuana Use 7 15.7 (4.0) 16.3 (1.5) 10 15.9 (3.4)
Age of 1st Alcohol Use 12 15.8 (3.8) 11 14.7 (2.9) 23 15.3 (3.4)
Age of Regular Alcohol Use 8 18.0 (4.7) 19.4 (4.7) 16 18.7 (4.6)
Age of 1st Nicotine Use 9 15.9 (2.8) 10 16.0 (2.3) 19 16.0 (2.5)
Age of Regular Nicotine Use 8 16.5 (4.3) 17.3 (2.5) 17 16.9 (3.4)

of our results, analyses were repeated where missing cocaine use status
was considered positive for cocaine use.

Non-parametric Wilcoxon rank-sum tests were used to examine dif-
ferences in the maximum number of consecutive cocaine abstinent
weeks between the two medication groups.

Weekly cocaine abstinence was analyzed using longitudinal logis-
tic mixed effect models with random intercept and slope with an au-
toregressive correlation structure to account for within-subject repeated
measures. The fixed effects of baseline self-reported using days (30 days
prior to study entry), medication group (IN OT 24 IU daily vs. PBO),
week (1-7), and medication group by week interaction was included in
the model. If the interaction was not significant, it was removed from
the final model.

Subjective ratings of cocaine cravings (24-hour, place-induced,
person/event-induced, stress-induced, medication-induced), Perceived
Stress Scale, cocaine dependence (CGI severity and improvement), and
depression (HAM-D 25 items) were also analyzed using longitudinal
mixed effect models with random intercept and slope with an autore-
gressive correlation structure to account for within-subject measures.
The fixed effects of medication group, week, and medication group by
week interaction were included in the model. When available, baseline
subjective ratings were adjusted as a covariate in the model. Main ef-
fects models were analyzed if the interaction was not significant. All
analyses were conducted using SAS®. All tests were tested as two-sided
with levels of significance of 5%.

3. Results
3.1. Sample characteristics

Fig. 1 presents the Consort distribution of patients. Table 1 shows
the demographic and clinical characteristics of the 26 cocaine use dis-
order patients by treatment group. The majority of the sample was male
(73.1%), and had on average 12.7 years (SD = 1.2) of education. Among

the patients, the average age of first cocaine use was 21.4 (SD = 5.6)
and 25.2 (SD = 6.9) for regular cocaine use. Baseline average days of
use for the 30 days prior to study entry for the entire sample was 11.1
(SD =5.7).

3.2. Compliance estimates

The compliance with witnessed clinic administration was 93% +/-
6% due to occasional missed visits. Compliance with the “at home bot-
tle”, assessed by the average ratio of the expected to actual area under
the curve was 1.15 (SD = 0.13) or approximately 85% (Fig 2).

3.3. Clinical trial outcomes

Twenty-six cocaine patients were randomized to 6 weeks of IN OT
(n = 15) or PBO (n = 11, Fig. 1). The median (interquartile range) and
range of the maximum number of consecutive weeks of abstinence was
1.0 (IQR: 1.0 to 1.0; range: O to 6) for the OT group and 1.0 (IQR: 1.0
to 2.0; range: 0 to 5) for the PBO group. The Wilcoxon rank-sum test
for the effect of treatment arm on the maximum number of consecutive
abstinent weeks was not significant (W = 144.5, p = 0.67).

Fig. 3 shows the observed proportions and model estimated propor-
tions of cocaine abstinence as determined by urine toxicology and TLFB
self-reports. The odds of cocaine abstinence were higher in the OT group
starting at week 3, reaching 15.0 (95% confidence interval = 1.18 to
190.2) by week 6 (t(69) = 2.12, p = 0.037). However, the overall med-
ication group by time interaction across all 6 weeks was not significant
(F1,60 = 1.73, p = 0.19). After removing the interaction, the difference
between the overall effect of medication (OT vs. PBO) over all 6 weeks
reached trend-level significance (F; ;o = 3.42, p = 0.07). There were no
meaningful differences in results when analyses were repeated treating
missing cocaine use status as positive for cocaine use.

All subjective rating outcomes of cocaine cravings, perceived stress,
cocaine dependence, and depression did not show a significant medi-
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eligibility

52 excluded

83 cocaine-dependent patients assessed for

¢ 27 not meeting inclusion criteria
¢ 25 not completing screening

17 cocaine-dependent patients

randomized and allocated to IN

Oxytocin

+ 15 received randomized
intervention

+ 2 did not (dropped out before
receiving 15t dose)

14 cocaine-dependent patients

randomized and allocated to IN

Placebo

¢ 11 received randomized
intervention

¢ 3 did not (dropped out before
receiving 15t dose)

A 4

4 cocaine-dependent patients
completed.

+ 11 lost to follow-up; dropped out,
unable to contact.

5 cocaine-dependent patients
completed.

4 6 lost to follow-up; dropped out,
unable to contact

\4

15 cocaine-dependent patients
analysed

\ 4

Fig. 1. Consort diagram.

11 cocaine-dependent patients
analysed
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Fig. 2. Illustrative “At Home” bottle compliance curve for 2 Cocaine use disorder patients in Phase 2 pilot clinical trial.

cation group by time interaction effect. Stress-induced cravings trended
towards signifcance between medication groups (F = 3.31, P = 0.076,
df = 43). After removing the non-significant group by time interaction,
the main effect of time was significant for Person/things induced crav-
ing (b (se) = —0.25(0.11), p = 0.03) and for the CGI Observer Cocaine
Dependence severity (b (se) = —0.38(0.06), p = 0.0001), suggesting
that with each week in the study, Person/things induced cravings and
cocaine dependence severity scores improved in both the IN OT and
placebo group.

Retention during the 6 weeks of Phase 2 differed between the two
randomized groups. Thirteen out of 26 patients did not complete the
6 weeks (50%); of these, 11 (85%) belonged to the OT group, 2 (15%)
belonged to the PBO group. Seven of these 11 were abstinent at the time
of drop-out for at least one week. Of the 13 who dropped out, 8 did
so after week 1. The proportion of drop out was significantly different
(y? =12.3, DF = 1, p = 0.0005; Fig. 4).

Table 2 shows the frequency of reported side effects. There were no
significant differences in the rates of reported side effects between the
two medication groups.

4. Discussion

This preliminary study demonstrates: 1) Intranasal administration of
oxytocin in patients seeking treatment for cocaine use disorder is fea-
sible, simple to execute, and safe; 2) Intranasal Oxytocin can be ad-
ministered in an outpatient setting with good compliance; 3) Intranasal
Oxytocin may increase the odds of abstinence from cocaine after some

latency period of approximately 2 weeks; 4) Intranasal Oxytocin was as-
sociated with more dropout over a 6 week trial compared to placebo. No
serious adverse events occurred. Patients mentioned several effects or
side effects, of which the most commonly reported for Intranasal Oxy-
tocin were feeling calm (20%), craving for cocaine (20%) and tired-
ness (13%). The most commonly reported side effect for IN Placebo was
headache (13%).

In this pilot clinical trial, we could not demonstrate that In-
tranasal Oxytocin induced at least three weeks of continuous absti-
nence. However, there is some suggestion that Intranasal Oxytocin in-
creases the odds of abstinence, reflecting results from another clinical
trial (Stauffer et al., 2016) in methadone-maintained patients. However,
this result is cautioned by the paradox of a disproportionately high rate
of drop out amongst patients assigned to Intranasal Oxytocin, which is
contrary to the data presented by Stauffer & colleagues (2016). Of note,
this study was carried out in a population that is required to be present
daily in most instances to receive methadone. Aside from chance given
the small sample size, the higher drop-out rate in the oxytocin group
may imply that the effect of oxytocin on factors that govern behavior in
cocaine use disorder is not unitary, but multifaceted.

Although the overall effect of intranasal oxytocin on abstinence was
not significant, the odds of weekly abstinence in the Intranasal Oxytocin
group began to reach significance at week 3 (Fig. 3), by which time the
drop-out rate in the oxytocin group had reached nearly 75%, and only
about 10% in the placebo group (Fig. 4). If odds of abstinence alone
drove retention rate, the placebo group should have been more affected
by drop-out outcomes. Another possibility, given the indigence of many
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of our patients, was that some patients may have sought respite and so-
lace in the inpatient abstinence phase, perhaps motivating early drop
out during the outpatient phase. This factor, if impactful, should have
affected both medication groups, however it did not. Hence, the pos-
sibility that in the early phase of outpatient treatment acute effects of
oxytocin were at play must be considered. Of these, the most concern-
ing would pertain to the possibility that it may increase craving for, and
use of cocaine. In light of this, sensitivity analyses conducted in which
missing weeks were treated as cocaine positive weeks, rather than sim-
ply missing data, did not show any significant differences in effects of
oxytocin on odds of cocaine abstinence at week 6.

McGregor et al. (2008) suggested that oxytocin may cause reinforc-
ing effects in drug-dependent patients but also restraining effects on
drug seeking behavior that may manifest at a later point. The possi-
bility of oxytocin having reinforcing effects has been reported: In non-
addicted adults, Dolan & colleagues (2020) reported that after receiv-
ing 40 IU of intranasal oxytocin, subjects in a laboratory investigation
reported more drug-liking for oxytocin than placebo, and a significant
correlation between the difference in drug liking and lowest price pur-
chasing compared to placebo. Lee et al. (2014) reported the results of
a human laboratory study of cocaine use disorder patients mandated to
a 6 month inpatient treatment following incarceration. In this report,
Intranasal Oxytocin (24 IU as in this study) provoked increased urges to
use cocaine and increased cocaine cue reactivity, but also reduced state
anger, a factor in drug use relapse (Fox et al., 2008). This highlights
that the effects of oxytocin in cocaine use disorder may be complex and

differentiated either in time or specificity; with early effects heightening
the risk of use, and remedial effects on use emerging later.

Insel (2003) proposed that sustained motivated behavior could in-
volve the interaction of oxytocin and dopamine reward pathways,
which are significantly affected by cocaine use. Oxytocin neurons in
the Paraventricular Nucleus of the Hypothalamus innervate mesolimbic
dopamine neurons (Melis and Argiola, 2003) and increase the activity of
these neurons. Activation of these yet dysregulated dopaminergic path-
ways could mimic the effect of cocaine and could promote conditioned
cocaine seeking behavior (Volkow et al., 2006). Taken together, these
findings create a theoretical framework by which one may understand
the high and early drop-out rate among patients assigned to oxytocin in
this study.

For those patients who continued beyond week 3, the anti-
stress properties of Oxytocin may have become more significant
(Dabrowska et al., 2011), and possibly may have led to a reduced prob-
ability of use. Stress is a factor known to clinicians to cause relapse
among cocaine use disorder patients. Sinha et al. (2006) demonstrated
that stress induced cravings were predictive of relapse and were coinci-
dent with increased activity of the Hypothalamo-Pituitary-Adrenal axis.
Oxytocin has a well-documented inhibitory effect on this endocrine axis
(Legros, 2001; Windle et al., 2004) and central stress mechanisms based
in the Amygdala (Zhou et al., 2010). Furthermore, oxytocin and other
neuropeptides can display gradually evolving, latent effects on neural
activity (Theodosis, 2002). These reports relating to neurobiological ef-
fects of oxytocin can constitute a hypothetical construct for compre-
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Table 2

Side effects reported by Cocaine Use Patients in Phase 2 by medication group.

Side effect or Qualitative Comment IN OT (n=15) IN PBO (n=11) p-value®
% of Patients % of Patients
n Reporting n Reporting
Craving for Cocaine 3 20 0 0 0.239
Craving for Medication 1 7 0 0 1.000
Sore Throat 1 7 0 0 1.000
Insomnia 1 7 0 0 1.000
Rhinorrhea 1 7 1 9 1.000
Nasal Irritation 1 7 1 9 1.000
Unpleasant smell 1 7 0 0 1.000
Tiredness 2 13 1 9 1.000
Nausea 1 7 0 0 1.000
Feeling Up 1 7 0 0 1.000
Increased Energy 1 7 0 0 1.000
Feels like Water 0 0 1 9 0.423
Tingling in Fingers 1 7 0 0 1.000
No Effect 0 0 1 9 0.423
No Cravings 1 7 0 0 1.000
Headache 1 7 2 18 0.556
Feel Calm 3 20 1 9 0.614

a Results from Fisher’s exact test.
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hending the later emerging remedial effect on odds of abstinence ob-
served in this study.

This study is limited by the small sample size, and perhaps by an
insufficient duration of the clinical trial that may have allowed more
significant effects to emerge. In addition, since the intranasal route is a
typical one for cocaine users, it may have served as a conditioned cue for
craving and drug-seeking (O’Brien et al., 1992), especially if Intranasal
Oxytocin has a rewarding effect.

Further research should focus on the effect of Intranasal Oxytocin,
particularly whether it is experienced as cocaine-like or triggers crav-
ings; seek larger sample size and longer clinical trial duration; and more
strenuous follow-up in drop cases to document cause and outcome.
Other potential directions could involve coupling Intranasal Oxytocin
to a behavioral treatment aimed at sustaining motivation such as Mo-
tivational Interviewing (Bowen et al., 2009), implement a longer absti-
nence induction phase, or use high value vouchers contingent on absti-
nence (Higgins et al., 2007), especially in the early phase of treatment.
Nonetheless, this and other reports suggest that intranasal oxytocin is
safe to use and feasible to implement, and that it offers some promise
in the treatment of cocaine use disorder, provided that the complexity
of its effects are accounted for in the design of future studies.
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