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Abstract
Background—The neuropeptide, oxytocin, has been reported to block tolerance formation to
alcohol and decrease withdrawal symptoms in alcohol-dependent rodents. Numerous recent
studies in human subjects indicate that oxytocin administered by the intranasal route penetrates
into and exerts effects within the brain.

Methods—In a randomized, double-blind clinical trial, intranasal oxytocin (24 IU/dose, N=7)) or
placebo (N=4) was given BID for 3 days in alcohol dependent subjects admitted to a research unit
for medical detoxification using Clinical Institute Withdrawal Assessment for Alcohol (CIWA)
score-driven PRN administration of lorazepam. Subjects rated themselves on the Alcohol
Withdrawal Symptom Checklist (AWSC) each time CIWA scores were obtained. Subjects also
completed the Penn Alcohol Craving Scale (PACS), an Alcohol Craving Visual Analog Scale
(ACVAS) and the Profile of Mood States (POMS) on inpatient days 2 and 3.

Results—All subjects had drunk heavily each day for at least 2 weeks prior to study and had
previously experienced withdrawal upon stopping/decreasing alcohol consumption. Oxytocin was
superior to placebo in reducing alcohol withdrawal as evidenced by: less total lorazepam required
to complete detoxification (3.4 mg [4.7, SD] vs. 16.5 [4.4], p=.0015), lower mean CIWA scores
on admission day 1 (4.3 [2.3] vs. 11.8 [0.4], p<.0001) and day 2 (3.4 [2.2] vs. 11.1 [3.6], p<.002),
lower AWSC scores on days 1 and 2 (p<.02; p=.07), lower ACVAS ratings (p=.01) and lower
POMS Tension/Anxiety subscale scores on day 2 (p<.01).

Conclusions—This is the first demonstration that oxytocin treatment may block alcohol
withdrawal in human subjects. Our results are consistent with previous findings in rodents that
oxytocin inhibits neuroadaptation to and withdrawal from alcohol. Oxytocin could have
advantages over benzodiazepines in managing alcohol withdrawal because it may reverse rather
than maintain sedative-hypnotic tolerance. It will be important to test whether oxytocin treatment
is effective in reducing drinking in alcohol dependent outpatients.
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Introduction
Numerous studies in rodents have found that oxytocin (OT), a neuropeptide that is widely
distributed within the brain (Gimpl and Fahrenholz, 2001; Lee et al., 2009), alters
neuroadaptation to addictive substances including alcohol (Kovács et al., 1998). Peripheral
or central administration of OT prior to each daily dose of alcohol over multiple days has
been reported to block the development of tolerance to the hypothermic, myorelaxant,
akinetic and hypnotic effects of alcohol in mice (Jodogne et al., 1991; Pucilowski et al.,
1985; Rigter et al., 1980; Szabó et al., 1985; 1989). OT gene knockout compared to wild
type mice exhibit significantly more rapid tolerance formation to the effects of repeated
doses of alcohol (Vadlamudi et al., 2004). A single injection of OT also significantly
reduced picrotoxin-induced withdrawal symptoms in alcohol-dependent mice (Kovács et al.,
1998; Szabó et al., 1987) suggesting that OT rapidly reverses established tolerance. While
OT has been reported to reverse changes in monoamine content in some brain areas in
alcohol-dependent rodents (Szabó et al., 1988), the mechanisms by which OT inhibits
tolerance formation and reduces withdrawal symptoms remain largely unknown.

A rapidly increasing number of studies in human subjects have found that acute (single
dose) intranasal OT treatment, which appears to result in penetration of a significant amount
of the neuropeptide into the brain (Born et al., 2002; Domes et al., 2007a; 2010; Kirsch et
al., 2005), increases interpersonal trust and cooperation, improves social cognition and
reduces anxiety (Andari et al., 2010; Baumgartner et al., 2008; de Oliveira et al., 2011;
Domes et al., 2007b; Guastella et al., 2008; Heinrichs et al., 2003; Kosfeld et al., 2005;
MacDonald and MacDonald, 2010). Several small clinical trials involving multiple daily
doses of intranasal OT for weeks have found beneficial effects in schizophrenia (Feifel et
al., 2010; Pedersen et al., 2011) but not in obsessive-compulsive disorder (den Boer and
Westenberg, 1992; Epperson et al., 1996). OT had no adverse effects in the acute treatment
studies or clinical trials.

Benzodiazepines are the current drugs of choice for alcohol detoxification (Daeppen et al.,
2002; Mayo-Smith, 1997; Saitz and O’Malley, 1997). However, benzodiazepines, like
alcohol, are sedative-hypnotics. Therefore, benzodiazepine treatment of alcohol withdrawal
may maintain sedative-hypnotic tolerance that could exacerbate post-detoxification
symptoms such as anxiety, sleep difficulties and alcohol craving that increase risk for
relapse. Furthermore, benzodiazepines have the potential to become addictive and can
enhance the depressant actions of alcohol, including respiratory depression, and lead to
increased morbidity and mortality—these actions limit their use in outpatient settings.
Treatment of alcohol withdrawal with anticonvulsants such as gabapentin, a non-sedative-
hypnotic drug, has been reported to be efficacious for treatment of mild alcohol withdrawal
and to decrease post-detoxification anxiety, craving and drinking (Myrick et al., 2009).
These agents are of interest for the treatment of alcohol withdrawal as alternatives to
benzodiazepines and continue to undergo investigation. OT treatment could be even more
advantageous in managing withdrawal symptoms because it may reverse tolerance and,
therefore, could further decrease post-detoxification symptoms that increase risk of relapse.

The goal of the current study was to test whether twice daily intranasal OT treatment is
superior to intranasal placebo in reducing withdrawal symptoms and the total amount of
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benzodiazepine administered in alcohol dependent inpatients undergoing medical
detoxification using symptom-driven PRN administration of lorazepam.

Materials and Methods
With FDA approval (IND 104,540), we conducted a randomized, double-blind pilot study of
3 days of BID intranasal OT (24 IU/dose) vs. placebo in 11 alcohol-dependent inpatient
subjects undergoing detoxification with symptom-driven PRN lorazepam. The study was
approved by the University of North Carolina Biomedical Institutional Review Board and
conducted in accordance with The Code of Ethics of the World Medical Association.
Written informed consent was obtained from all subjects.

Subjects
Inclusion criteria: 1) At least one prior episode 2 days or longer in duration during which the
subject experienced withdrawal symptoms that caused significant incapacitation (e.g.,
inability to work or do normal activities) OR at least one prior inpatient or outpatient
medical detoxification during which the subject exhibited withdrawal symptoms of
sufficient magnitude that sedative-hypnotic or anticonvulsant medication was required at
least once on 2 consecutive days after cessation of or reduction in the use of alcohol
following 2 weeks or more of heavy daily consumption; 2) average consumption of 8-30
standard drinks per day for at least 2 weeks prior to enrollment in the study; 3) age 18-65.

Exclusion criteria: 1) history of alcohol withdrawal-related seizures, delirium tremens or
hallucinations; 2) current or past alcohol-related medical complications such as cirrhosis of
the liver, esophageal varices, pancreatitis, severe gastritis, hemoptysis, hematochezia or
melena; 3) blood alcohol level at screening or upon admission > 300 mg/dl; 4) treatment/
ingestion during the previous week of benzodiazepines or other sedative-hypnotic
medications or history of recent chronic treatment with sedative-hypnotic medications; 5)
dependence on substances other than alcohol, nicotine or caffeine (abuse of other substances
other than sedative-hypnotics was not exclusionary); 6) inadequately treated, unstable and/or
compromising medical or psychiatric conditions; 7) low body weight (BMI < 17); 8) history
of anorexia nervosa or bulimia in the past 2 years; 9) significant trauma or surgery in the
previous 2 months; 10) pregnancy; parturition or breast-feeding in the past 6 months; 11)
very elevated vital signs (SBP > 180, DBP > 120 or P > 120) during screening or upon
admission; 12) any of the following laboratory values during screening or upon admission:
AST > 165 U/L (normal range 19-55), ALT > 216 U/L (normal range 19-72), alkaline
phosphatase > 378 U/L (normal range 38-126) , non-fasting glucose > 250 mg/ml (normal
range 65-179); hematocrit < 38 % (normal range 41-53); hemoglobin < 12 g/dl (normal
range 13.5-17.5) or any other laboratory value significantly outside the normal range; 12)
ECG evidence of cardiac ischemia or conduction abnormalities; 13) inability to read well
enough to complete study questionnaires determined by whether the prospective subject can
read the consent form without help and correctly answer basic questions about information
in the consent form; 12) participation in other clinical trials within the past 60 days; 13)
court-mandated participation in alcohol treatment or pending incarceration.

Medical or psychiatric disorders that were not unstable, incapacitating and were currently
adequately-controlled for at least 1 month on stable doses of standing or PRN medication
(other than sedative-hypnotics) and/or other management regimens were not exclusionary.

Our inclusion and exclusion criteria selected subjects who were likely to experience
withdrawal symptoms but were at low risk of developing dangerous withdrawal problems
such as seizures, delirium tremens, Wernicke’s encephalopathy or hallucinations and had no
serious or unstable comorbidities. This is a population of alcohol dependent patients in
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whom symptom-triggered benzodiazepine treatment has been shown to be as safe and
requires less total medication administration compared to fixed regimen benzodiazepine
tapers (Daeppen et al 2002; Mayo-Smith 1997).

Ninety-six individuals who responded to advertisements (see recruitment procedures below)
were screened by telephone. Fifteen who appeared to meet study criteria based on the
telephone screen were evaluated in greater depth during a visit to a research unit. Two were
excluded based on history and/or laboratory results obtained during the evaluation. The
remaining 13 whose history and laboratory studies indicated that they met criteria were
admitted to a research unit where they began the treatment trial. Further history obtained
from 2 of these subjects after they began the treatment trial revealed that they actually had
no history of significant withdrawal after previous bouts of drinking, which contradicted
history obtained during their screening evaluations. Withdrawal symptoms in another
subject could not be adequately controlled with PRN lorazepam. Upon further questioning,
he admitted that his daily alcohol consumption had been far greater than reported during his
screening evaluation and exceeded the upper limit specified in our inclusion criteria. This
information would have made these subjects ineligible for participation in the study so data
from these subjects were not included in our analyses. We also attempted to recruit 5
individuals admitted to inpatient services at the University of North Carolina Hospitals for
medical detoxification, but only one met criteria and completed the protocol. Therefore, our
total sample consisted of 11 subjects.

Procedures

Recruitment: Radio and print advertisements including a contact telephone number were
used to attract prospective subjects. Individuals who responded were initially screened
during telephone conversations with research assistants who followed an IRB-approved
script. Those who were not excluded were then interviewed over the telephone by the
Principal Investigator (Dr. Pedersen). For individuals who appeared to meet criteria based
on the phone screens, informed consent was obtained prior to admission to the research unit
and the evaluation described below was conducted either immediately after admission to the
unit or during an outpatient appointment preceding admission to the research unit. An
additional 5 individuals admitted to inpatient units at the University of North Carolina
Hospitals for medical detoxification were approached about the study and gave informed
consent but only one met criteria for inclusion and completed the protocol.

Evaluation of all prospective subjects included a physical examination, medical history,
administration of the Mini-International Neuropsychiatric Interview (MINI, Sheehan et al.,
1998), review of their past drinking history as well as their recent consumption of alcohol
using the Timeline Followback interview (Sobell et al., 1988), an ECG, and blood and urine
collection for laboratory studies (including CBC, electrolytes, BUN, creatinine, glucose,
albumin, ALT, AST, alkaline phosphatase, total bilirubin, LDH, GGT, TSH, B12, folate,
blood alcohol concentration, urinalysis, urine toxicology screen and pregnancy test).

As soon as possible on the first day of admission, subjects’ vital signs were measured and
their withdrawal symptoms quantified using a version of the Clinical Institute Withdrawal
Assessment for Alcohol scale (hereafter referred to as the CIWA scale, Sullivan et al., 1989)
modified to include vital sign measures in the total score (see Supplement 1). Subjects also
rated their symptoms using the Alcohol Withdrawal Symptom Checklist (AWSC, Pittman et
al., 2007). Immediately after obtaining these baseline objective and subjective measures of
withdrawal symptoms, subjects took their first intranasal dose of the test substance to which
they had been randomized. Research nurses instructed subjects in proper intranasal self-
administration technique during their first dose. A second intranasal test dose was taken at
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approximately 1700h on admission day 1. On admission days 2 and 3, intranasal test doses
were taken at approximately 0900 and 1700h. All test doses were supervised by research
staff. Each test dose consisted of 6 insufflations of Syntocinon Spray (Novartis, containing
approximately 24 IU of OT) or placebo (containing the same ingredients as Syntocinon
Spray except for OT), with each insufflation given 30 seconds apart and alternating between
nostrils. OT and placebo test doses were self-administered from blind-labeled vials designed
to deliver 0.1 ml metered volume per insufflation. Randomization of treatment assignment
was done in blocks of 4 within each gender.

Vital sign measurements and CIWA scores were obtained every 4 hours while subjects were
awake (0600h, 1000h, 1400h, 1600h, 2000h) or whenever subjects reported or nurses
observed worsening of withdrawal symptoms. If a CIWA score was > 12, the subject was
given a 2 mg dose of lorazepam. CIWA scores were repeated 1 hour after each lorazepam
dose. If the CIWA score remained > 10, another 2 mg dose of lorazepam was administered.

Subjects completed the AWSC immediately after each CIWA score was obtained. Shortly
after the morning test dose on admission days 2 and 3, subjects also rated themselves on the
Penn Alcohol Craving Scale (Flannery et al., 1999), an Alcohol Craving Visual Analog
Scales (ACVAS) on which they marked on a 100 mm line how much they craved alcohol
between Not At All on the left end to Extremely on the right end of the line, and the Profile
of Mood States (McNair et al, 1971). After the morning test dose on admission day 2,
another ECG was run and additional blood was drawn for laboratory tests (magnesium,
electrolytes, BUN, creatinine, and GGT).

Statistical Analyses: All comparisons between OT and placebo groups were done using t
tests. Given that these groups did not differ on age and mean daily drinks, we did not control
for these variables in data analyses comparing the groups. Given the small sample size and
skewness in some outcome variables, we ran nonparametric analyses on all comparisons in
Table 1, and found virtually identical results. We also examined the effects of treatment
group on CIWA scores on admission days 1 and 2 using analysis of covariance controlling
for CIWA scores obtained before initiation of intranasal test doses on admission day 1
because there was a trend for the OT group to have lower baseline scores.

Results
Data included in the analyses were collected from 9 men and 2 women. Mean age (41.27
±14.67) did not differ between treatment groups (p=.82). Mean number of standard drinks
per day prior to enrollment did not differ significantly (p=.33) between the OT and placebo
groups (17.7±6.0 vs.14.5±1.7). The OT group was composed of 6 men and 1 woman and the
placebo group was composed of 3 men and 1 woman. Several factors contributed to the
small sample and the disparity in the number of subjects in the treatment groups. As stated
above in the description of subjects, data from 3 participants (all men) who completed the
protocol were not included in the analyses because additional history obtained during their
stay on the research unit indicated that, contrary to history obtained during the screening
process, they did not meet criteria for inclusion in the study. Two of those subjects had been
randomized to placebo and one to OT. We originally planned to study more subjects but
unexpectedly high costs (radio advertisements, research unit per diem charges) exhausted
our limited funds after studying less than half the original target sample. Our randomization
scheme (blocks of 4 within each gender) may have also contributed to uneven treatment
group numbers in the small number of subjects who completed the protocol.

Outcome measures are summarized in Table 1. The OT compared to the placebo group
required almost 5 times less total lorazepam to complete detoxification. Mean CIWA scores
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and AWSC self-ratings on admission days 1 and 2 were approximately 3 times lower in the
OT group. The CIWA differences were significant on both days and the AWSC differences
were significant on admission day 1 and trended toward significance on admission day 2.
Alcohol craving scores trended toward being lower (PACS) or were significantly lower
(ACVAS) in the OT group on admission day 2 but not admission day 3. POMS Tension/
Anxiety subscores were also significantly lower in the OT compared to the placebo group on
admission day 2 but not admission day 3.

We examined the CIWA and AWSC scores for the two treatment groups obtained on
admission day 1 just before subjects received their first intranasal test doses. (Note one
person in the OT group was missing pretreatment measures). Although the treatment groups
were not significantly different on these measures (CIWA p=.13; AWSC p=.57), there was a
trend for the OT group to score lower on CIWA scores obtained immediately before
initiation of intranasal treatments (OT mean=2.5, SD=1.4; placebo mean=9.25, SD=6.6).
Because of this difference, we further examined the effects of treatment on mean CIWA
scores on admission days 1 and 2 using analysis of covariance to control for CIWA scores
obtained prior to the first intranasal test doses. The difference between the least squared
means and the p values (Day 1=7.5, p=.0024; Day 2=9.4; p=.0042) showed that the OT
compared to the placebo group had considerably lower mean CIWA scores on admission
day 1 after beginning test treatments as well as on admission day 2, even when controlling
for baseline CIWA scores.

All subjects randomly assigned to placebo (N-4) had been drinking an average of < 16
standard drinks/day prior to entry into the study. Only 4 of the 7 subjects assigned to OT
treatment had been drinking an average of < 16 drinks/day. We, therefore, compared
outcome measures between the 4 OT and 4 placebo recipients who drank at this lower level
(Table 2). This subset of OT recipients required no lorazepam to complete detoxification
and also had significantly lower mean CIWA scores on all 3 admission days, significantly
lower mean AWSC self-rating on admission days 1 and 2, significantly lower ACVAS self-
ratings on admission day 2 and significantly lower POMS Tension/Anxiety subscores on
admission day 2.

Laboratory measures (magnesium, electrolytes, BUN, creatinine, GGT) and ECGs obtained
on the morning of admission day 2 did not differ significantly from baseline in either
treatment group.

Discussion
Our results are the first evidence that OT may block alcohol withdrawal symptoms in
humans. This finding confirms and extends earlier findings in rodents. Also, our results and
previous animal studies suggest that OT may block alcohol withdrawal by a unique
mechanism, rapid reversal of alcohol tolerance produced by chronic, heavy alcohol
consumption.

The most widely used pharmacological treatments of alcohol withdrawal are tapered PRN or
standing doses of benzodiazepines (Daeppen et al., 2002; Mayo-Smith, 1997; Saitz and
O’Malley, 1997). While medical detoxification is safely achieved with benzodiazepines,
these medications are, like alcohol, sedative hypnotics. Therefore detoxification with
benzodiazepines may maintain sedative-hypnotic tolerance that could result in post-
detoxification symptoms that increase vulnerability to relapse: high anxiety; sleep
difficulties; persistent craving for alcohol; and decreased ability to cope with stress.
Furthermore, should patients relapse, higher sedative-hypnotic tolerance may result in
patients having to drink large quantities of alcohol to achieve inebriation and relieve post-
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detoxification symptoms. These hypothetical drawbacks of maintaining sedative-hypnotic
tolerance by treating alcohol withdrawal with benzodiazepines are supported by the recent
report by Myrick et al. (2009) that alcohol detoxification with gabapentin, which is not a
sedative-hypnotic drug, resulted in significantly less post-detoxification drinking, craving
and anxiety. OT treatment of alcohol withdrawal could be even more effective in
diminishing dysphoria, craving and drinking after detoxification because, in addition to not
being a sedative-hypnotic, OT may reverse tolerance to alcohol.

Of course, it is important to note that benzodiazepines have been shown to reduce risk for
alcohol withdrawal seizures and delirium tremens in addition to other withdrawal symptoms
(Mayo-Smith, 1997). This is a very important point as other agents including
anticonvulsants, baclofen, and now OT have not been shown to prevent these serious
consequences and accordingly would not be recommended for the treatment of severe
alcohol withdrawal (Saitz, 2007).

The small number of subjects enrolled in this study requires that our results be considered as
very preliminary. Future studies of considerably larger cohorts will be necessary to
adequately test the validity of our findings. If our results are confirmed, however, CNS OT
will become an exciting new front for research on the pathophysiology of alcohol
dependence. Of particular interest will be determining whether OT reversal of established
tolerance is, indeed, how OT blocks withdrawal. This may provide new insights into the still
poorly understood mechanisms of tolerance formation.

Also of great importance is testing whether OT treatment decreases drinking in alcohol
dependent outpatients. Animal and human studies have found that OT decreases stress
responses including anxiety (Amico et al., 2004; Bale et al., 2001; de Oliveira et al., 2011;
Domes et al., 2007a; Heinrichs et al., 2003; Kirsch et al., 2005; Mantella et al., 2003;
McCarthy et al., 1996; Ring et al., 2006; Windle et al., 1997). It has been hypothesized that
abstinence in alcohol dependent individuals produces anxiety and that relapse often occurs
because alcohol relieves that anxiety (Kushner et al., 2000). OT treatment blocked anxiety
and increased alcohol intake in P (alcohol-preferring) rats subjected to repeated alcohol
deprivation combined with restraint stress, an animal model of craving and relapse (Breese
et al., 2004; Knapp et al., 2010; Overstreet et al., 2007). By reducing anxiety, increasing the
ability to cope with stress, and possibly reversing established alcohol tolerance, OT
treatment may diminish craving and facilitate sobriety in the outpatient setting.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Support: The North Carolina Translational and Clinical Sciences Institute funded by UL1RR025747 from the
National Center for Research Resources (CAP)

The Bowles Center for Alcohol Studies funded by 5-P60-AA011605-08-13 from the National Institute of Alcohol
Abuse and Alcoholism (CAP)

References
Amico JA, Mantella RC, Vollmer RR, Li X. Anxiety and stress responses in female oxytocin deficient

mice. J Neuroendocrinology. 2004; 16:319–324. [PubMed: 15089969]

Andari E, Duhamel J-R, Zalla T, Herbrecht E, Leboyer M, Sirigu A. Promoting social behavior with
oxytocin in high-functioning autism spectrum disorders. Proc Natl Acad Sci U S A. 2010;
107:4389–4394. [PubMed: 20160081]

Pedersen et al. Page 7

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Bale TL, Davis AM, Auger AP, Dorsa DM, McCarthy MM. CNS region-specific oxytocin receptor
expression: Importance in regulation of anxiety and sex behavior. J Neurosci. 2001; 21:2546–2552.
[PubMed: 11264328]

Born J, Lange T, Kern W, McGregor GP, Bickel U, Fehm HL. Sniffing neuropeptides: A transnasal
approach to the human brain. Nat Neurosci. 2002; 5:514–516. [PubMed: 11992114]

Breese GR, Knapp DJ, Overstreet DH. Stress sensitization of ethanol withdrawal-induced reduction in
social interaction: inhibition by CRF-1 and benzodiazepine receptor antagonist and a 5-HT1A-
receptor agonist. Neuropsychopharmacology. 2004; 178:367–380.

Daeppen JB, Gache P, Landry U, Sekera E, Schweizer V, Gloor S, Yersin B. Symptom-triggered vs.
fixed-schedule doses of benzodiazepine for alcohol withdrawal: a randomized treatment trial. Arch
Intern Med. 2002; 162:1093–1094. [PubMed: 12020176]

de Oliveira DC, Zuardi AW, Graeff FG, Queiroz RH, Crippa JA. Anxiolytic-like effect of oxytocin in
the simulated public speaking test. J Psychopharmacol. 2011; 26:497–504. [PubMed: 21555332]

den Boer JA, Westenberg HG. Oxytocin in obsessive compulsive disorder. Peptides. 1992; 13:1083–
1085. [PubMed: 1494489]

Domes G, Heinrichs M, Gläscher J, Büchel C, Braus DF, Herpertz SC. Oxytocin attenuates amygdala
responses to emotional faces regardless of valence. Biol Psychiatry. 2007a; 62:1187–1190.
[PubMed: 17617382]

Domes G, Heinrichs M, Michel A, Berger C, Herpertz SC. Oxytocin improves “mind-reading” in
humans. Biol Psychiatry. 2007b; 61:731–733. [PubMed: 17137561]

Domes G, Lischke A, Berger C, Grossmann A, Hauenstein K, Heinrichs M, Herpertz SC. Effects of
intranasal oxytocin on emotional face processing in women. Psychoneuroendocrinology. 2010;
35:83–93. [PubMed: 19632787]

Epperson CN, McDougle CJ, Price LH. Intranasal oxytocin in obsessive-compulsive disorder. Biol
Psychiatry. 1996; 40:547–549. [PubMed: 8879477]

Feifel D, MacDonald K, Nguyen A, Cobb P, Warlan H, Galangue B, Minassian A, Becker O, Cooper
J, Perry W, Lefebvre M, Gonzales J, Hadley A. Adjunctive intranasal oxytocin reduces symptoms
in schizophrenia patients. Biol Psychiatry. 2010; 68:678–680. [PubMed: 20615494]

Flannery BA, Volpicelli JR, Pettinati HM. Psychometric properties of the Penn Alcohol Craving Scale.
Alcohol Clin Exp Res. 1999; 23:1289–1295. [PubMed: 10470970]

Gimpl G, Fahrenholz F. The oxytocin receptor system: structure, function, and regulation. Physiol
Rev. 2001; 81:629–683. [PubMed: 11274341]

Guastella AJ, Mitchell PB, Dadds MR. Oxytocin increases gaze to the eye region of human faces. Biol
Psychiatry. 2008; 63:3–5. [PubMed: 17888410]

Heinrichs M, Baumgartner T, Kirschbaum C, Ehlert U. Social support and oxytocin interact to
suppress cortisol and subjective responses to psychosocial stress. Biol Psychiatry. 2003; 54:1389–
1398. [PubMed: 14675803]

Jodogne C, Tirelli E, Klingbiel P, Legros JJ. Oxytocin attenuates tolerance not only to the hypothermic
but also to the myorelaxant and akinesic effects of ethanol in mice. Pharmacol Biochem Behav.
1991; 40:261–265. [PubMed: 1805228]

Kirsch P, Esslinger C, Chen Q, Mier D, Lis S, Siddhanti S, Gruppe H, Mattay VS, Gallhofer B,
Meyer-Lindenberg A. Oxytocin modulates neural circuitry for social cognition and fear in humans.
J Neurosci. 2005; 25:11489–11493. [PubMed: 16339042]

Knapp DJ, Overstreet DH, Hubka JC, Breese GR, Pedersen CA. Inhibitory effects of oxytocin on
anxiety-like behavior and alcohol consumption in P-rats subjected to repeated cycles of voluntary
ethanol consumption and stress. Alcohol Clin Exp Res. 2010; 34:145A.

Kosfeld M, Heinrichs M, Zak PJ, Fischbacher U, Fehr E. Oxytocin increases trust in humans. Nature.
2005; 435:673–676. [PubMed: 15931222]

Kovács GL, Sarnyai Z, Szabó G. Oxytocin and addiction: a review. Psychoneuroendocrinology. 1998;
23:945–962. [PubMed: 9924746]

Kushner MG, Abrams K, Borchardt C. The relationship between anxiety disorders and alcohol use
disorders: a review of major perspectives and findings. Clin Psychol Rev. 2000; 20:149–171.
[PubMed: 10721495]

Pedersen et al. Page 8

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Lee H-J, Macbeth AH, Pagani JH, Young WS 3rd. Oxytocin: The great facilitator of life. Prog
Neurobiol. 2009; 88:127–151. [PubMed: 19482229]

MacDonald K, MacDonald TM. The peptide that binds: A systematic review of oxytocin and its
prosocial effects in humans. Harv Rev Psychiatry. 2010; 18:1–21. [PubMed: 20047458]

Mantella RC, Vollmer RR, Li X, Amico JA. Female oxytocin-deficient mice display enhanced
anxiety-related behavior. Endocrinology. 2003; 144:2291–2296. [PubMed: 12746288]

Mayo-Smith MF. Pharmacological management of alcohol withdrawal: A meta-analysis and evidence-
based practice guideline. American Society of Addiction Medicine Working Group on
Pharmacological Management of Alcohol Withdrawal. JAMA. 1997; 278:144–151. [PubMed:
9214531]

McCarthy MM, McDonald CH, Brooks PJ, Goldman D. An anxiolytic action of oxytocin is enhanced
by estrogen in the mouse. Physiol Behav. 1996; 60:1209–1215. [PubMed: 8916173]

McNair, DM.; Lorr, M.; Droppleman, LF. EDITS manual for the profile of mood states. Educational
and Industrial Testing Service; San Diego, CA: 1971.

Myrick H, Malcolm R, Randall PK, Boyle E, Anton RF, Becker HC, Randall CL. A double-blind trial
of gabapentin versus lorazepam in the treatment of alcohol withdrawal. Alcohol Clin Exp Res.
2009; 33:1582–1588. [PubMed: 19485969]

Overstreet DH, Knapp DJ, Breese GR. Drug challenges reveal differences in mediation of stress
facilitation of voluntary alcohol drinking and withdrawal-induced anxiety in alcohol-preferring P
rats. Alcohol Clin Exp Res. 2007; 31:1473–1481. [PubMed: 17624999]

Pedersen CA, Gibson CM, Rau SW, Salimi K, Smedley KL, Casey RL, Leserman J, Jarskog LF, Penn
DL. Intranasal oxytocin reduces psychotic symptoms and improves Theory of Mind and social
perception in schizophrenia. Schizophr Res. 2011; 132:50–53. [PubMed: 21840177]

Pittman B, Gueorguieva F, Krupitsky E, Rudenko AA, Flannery BA, Krystal JH. Multidimensionality
of the Alcohol Withdrawal Symptom Checklist: A factor analysis of the Alcohol Withdrawal
Symptom Checklist and CIWA-Ar. Alcohol Clin Exp Res. 2007; 31:612–618. [PubMed:
17374040]

Pucilowski O, Kotowski W, Trzaskowa E. The effect of oxytocin and fragment (MIF-1) on the
development of tolerance to hypothermic and hypnotic action of ethanol in the rat. Peptides. 1985;
6:7–10. [PubMed: 2859573]

Rigter H, Dortmans C, Crabbe JC Jr. Effects of peptides related to neurohypophyseal hormones on
ethanol tolerance. Pharmacol Biochem Behav. 1980; 13:285–290. [PubMed: 7243830]

Ring RH, Malberg JE, Potestio L, Ping J, Boikess S, Luo B, Schechter LE, Rizzo S, Rahman Z,
Rosensweig-Lipson S. Anxiolytic-like activity of oxytocin in male mice: behavioral and
autonomic evidence, therapeutic implications. Psychopharmacology (Berl). 2006; 185:218–225.
[PubMed: 16418825]

Saitz R. Baclofen for alcohol withdrawal: not comparable to the gold standard (benzodiazepines). Am
J Med. 2007; 120:e9. [PubMed: 17524741]

Saitz R, O’Malley SS. Pharmacotherapies for alcohol abuse. Withdrawal and treatment. Med Clin
North Am. 1997; 81:881–907.

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, Hergueta T, Baker R, Dunbar
GC. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development and validation
of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry. 1998;
59:22–33. [PubMed: 9881538]

Sobell LC, Sobell MB, Leo GL, Cancilla A. Reliability of a timeline followback method: Assessing
normal drinkers’ reports of recent drinking and a comparative evaluation across several
populations. Br J Addict. 1988; 83:393–402. [PubMed: 3395719]

Sullivan JT, Sykora K, Schneiderman J, Naranjo CA, Sellers EM. Assessment of alcohol withdrawal:
The revised Clinical Institute Withdrawal Assessment of Alcohol Scale (CIWA-Ar). Br J Addict.
1989; 84:1353–1357. [PubMed: 2597811]

Szabó G, Kovács GL, Székeki S, Telegdy G. The effects of neurohypophyseal hormones on tolerance
to the hypothermic effect of ethanol. Alcohol. 1985; 2:567–574. [PubMed: 4026981]

Szabó G, Kovács GL, Telegdy G. Effects of neurohypophyseal peptide hormones on alcohol
dependence and withdrawal. Alcohol Alcohol. 1987; 22:71–74. [PubMed: 3593487]

Pedersen et al. Page 9

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Szabó G, Kovács GL, Telegdy G. Brain monoamines are involved in mediating the action of
neurohypophyseal peptide hormones on ethanol tolerance. Acta Physiol Hung. 1988; 71:459–466.
[PubMed: 3421121]

Szabó G, Kovács GL, Telegdy G. Intraventricular administration of neurohypophyseal hormones
interferes with the development of tolerance to ethanol. Acta Physiol Hung. 1989; 73:97–103.
[PubMed: 2711843]

Vadlamudi, S.; Pedersen, CA.; Amico, JA.; Breese, GR.; Knapp, D. Neuroadaptation to alcohol and
morphine is altered in oxytocin knockout mice. Society for Neuroscience; Washington, DC: 2004.
Abstract Viewer/Itinerary Planner2004. Online

Windle RJ, Shanks N, Lightman SL, Ingram CD. Central oxytocin administration reduces stress-
induced corticosterone release and anxiety behavior in rats. Endocrinology. 1997; 138:2829–2834.
[PubMed: 9202224]

Pedersen et al. Page 10

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pedersen et al. Page 11

Ta
bl

e 
1

C
om

pa
ri

so
n 

of
 o

xy
to

ci
n 

an
d 

pl
ac

eb
o 

tr
ea

tm
en

t g
ro

up
s 

on
 to

ta
l a

m
ou

nt
 o

f 
lo

ra
ze

pa
m

 r
eq

ui
re

d 
to

 c
om

pl
et

e 
de

to
xi

fi
ca

tio
n,

 m
ea

n 
ad

m
is

si
on

 d
ay

s 
1-

3 
C

IW
A

an
d 

A
W

SC
 s

co
re

s,
 a

nd
 a

dm
is

si
on

 d
ay

s 
2-

3 
PA

C
S,

 A
C

V
A

S,
 a

nd
 P

O
M

S 
T

en
si

on
/A

nx
ie

ty
 r

at
in

gs
.

SD
 =

 s
ta

nd
ar

d 
de

vi
at

io
n;

 t 
=

 t 
va

lu
e;

 p
 =

 s
ig

ni
fi

ca
nc

e 
le

ve
l (

va
lu

es
 <

 .0
5 

[i
n 

bo
ld

] 
of

 d
if

fe
re

nc
es

 b
et

w
ee

n 
tr

ea
tm

en
t g

ro
up

s)
. A

C
V

A
S 

=
 A

lc
oh

ol
 C

ra
vi

ng
V

is
ua

l A
na

lo
g 

Sc
al

e;
 A

W
SC

 =
 A

lc
oh

ol
 W

ith
dr

aw
al

 S
ym

pt
om

 C
he

ck
lis

t; 
C

IW
A

 =
 C

lin
ic

al
 I

ns
tit

ut
e 

W
ith

dr
aw

al
 A

ss
es

sm
en

t f
or

 A
lc

oh
ol

 s
ca

le
; P

A
C

S 
=

Pe
nn

 A
lc

oh
ol

 C
ra

vi
ng

 S
ca

le
; P

O
M

S 
=

 P
ro

fi
le

 o
f 

M
oo

d 
St

at
es

M
ea

su
re

O
xy

to
ci

n 
(N

=7
)

P
la

ce
bo

 (
N

=4
)

M
ea

n
SD

M
ea

n
SD

T
p

T
ot

al
 lo

ra
ze

pa
m

 (
m

g)
3.

4
4.

7
16

.5
4.

4
4.

5
.0

01
5

C
IW

A
 D

ay
 1

4.
3

2.
3

11
.8

0.
4

8.
4

<.
00

01

C
IW

A
 D

ay
 2

3.
4

2.
2

11
.1

3.
6

4.
5

.0
01

5

C
IW

A
 D

ay
 3

3.
1

2.
1

5.
4

1.
9

1.
7

.1
19

3

A
W

SC
 D

ay
 1

6.
6

1.
6

16
.3

4.
5

4.
2

.0
19

1

A
W

SC
 D

ay
 2

6.
5

3.
8

20
.6

10
.2

2.
7

.0
65

4

A
W

SC
 D

ay
 3

4.
6

3.
0

9.
6

5.
2

2.
1

.0
70

4

PA
C

S 
D

ay
 2

14
.6

5.
8

21
.0

4.
6

1.
9

.0
90

0

PA
C

S 
D

ay
 3

10
.1

7.
8

12
.8

3.
0

0.
6

.5
44

0

A
C

V
A

S 
D

ay
 2

34
.9

20
.9

86
.1

14
.5

4.
3

.0
02

0

A
C

V
A

S 
D

ay
 3

16
.7

18
.8

38
.9

39
.3

1.
3

.2
28

3

PO
M

S 
T

en
si

on
/A

nx
ie

ty
 D

ay
 2

10
.3

6.
0

23
.8

6.
7

3.
5

.0
07

1

PO
M

S 
T

en
si

on
/A

nx
ie

ty
 D

ay
 3

5.
3

5.
9

8.
3

6.
1

0.
8

.4
48

2

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pedersen et al. Page 12

Ta
bl

e 
2

C
om

pa
ri

so
n 

of
 o

xy
to

ci
n 

an
d 

pl
ac

eb
o 

tr
ea

tm
en

t g
ro

up
s 

co
m

po
se

d 
of

 s
ub

je
ct

s 
dr

in
ki

ng
 ≤

 1
6 

st
an

da
rd

 d
ri

nk
s/

 d
ay

 o
n 

to
ta

l a
m

ou
nt

 o
f 

lo
ra

ze
pa

m
 r

eq
ui

re
d 

to
co

m
pl

et
e 

de
to

xi
fi

ca
tio

n,
 m

ea
n 

ad
m

is
si

on
 d

ay
s 

1-
3 

C
IW

A
 a

nd
 A

W
SC

 s
co

re
s,

 a
nd

 a
dm

is
si

on
 d

ay
s 

2-
3 

PA
C

S,
 A

C
V

A
S,

 a
nd

 P
O

M
S 

T
en

si
on

/A
nx

ie
ty

ra
tin

gs
.

Se
e 

T
ab

le
 1

 f
or

 e
xp

la
na

tio
ns

 o
f 

st
at

is
tic

al
 te

rm
s 

an
d 

ac
ro

ny
m

s.

M
ea

su
re

O
xy

to
ci

n 
(N

=4
)

P
la

ce
bo

 (
N

=4
)

M
ea

n
SD

M
ea

n
SD

t
P

T
ot

al
 lo

ra
ze

pa
m

 (
m

g)
0.

0
0.

0
16

.5
4.

4
7.

4
.0

05

C
IW

A
 D

ay
 1

3.
5

1.
2

11
.8

0.
4

13
.6

<.
00

01

C
IW

A
 D

ay
 2

2.
5

1.
5

11
.1

3.
6

4.
5

.0
04

4

C
IW

A
 D

ay
 3

2.
8

0.
6

5.
4

1.
9

2.
6

.0
41

5

A
W

SC
 D

ay
 1

5.
9

1.
1

16
.3

4.
5

4.
5

.0
16

3

A
W

SC
 D

ay
 2

5.
3

3.
1

20
.6

10
.2

2.
9

.0
28

3

A
W

SC
 D

ay
 3

5.
0

1.
4

9.
6

5.
2

1.
7

.1
38

7

PA
C

S 
D

ay
 2

14
.8

6.
0

21
.0

4.
6

1.
7

.1
46

6

PA
C

S 
D

ay
 3

13
.0

7.
6

12
.8

3.
0

-0
.1

.9
53

2

A
C

V
A

S 
D

ay
 2

34
.1

25
.7

86
.1

14
.5

3.
5

.0
12

5

A
C

V
A

S 
D

ay
 3

16
.0

14
.1

38
.9

39
.3

1.
1

.3
15

0

PO
M

S 
T

en
si

on
/A

nx
ie

ty
 D

ay
 2

7.
3

2.
5

23
.8

6.
7

4.
6

.0
03

5

PO
M

S 
T

en
si

on
/A

nx
ie

ty
 D

ay
 3

4.
8

4.
3

8.
3

6.
1

0.
9

.3
82

3

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.


