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INTRODUCTION

PTSD can be considered a disorder of affective memory where reminiscence of aversive events
becomes exaggerated, uncontrollable and frightening. Fear during PTSD also becomes
generalized where it is not confined to the trauma, but occurs in other situations or stimuli too.
While classic antianxiety and antidepressant drugs have some efficacy for PTSD, newer
medications via novel mechanisms are needed. Exogenous oxytocin, a nonapeptide found
naturally in the brain and body, may have anti-anxiety effects in animals and humans, and
therefore may be effective in interfering with acquisition and retention of aversive memory and
promoting extinction. To test this hypothesis in an animal model of PTSD, fear-potentiated
startle in male rats was employed. FPS in rats has face-validity for PTSD because a major
hallmark symptom of PTSD in humans is exaggerated startle.

BODY
Completed work (Task 1; peripheral administration): Oxytocin Reduces Anxiety-Related
Increases in Startle, But Not Cue Specific Fear-Potentiated Startle in Rats.

Publication (See Appendix 1): Oxytocin Reduces Background anxiety in a fear-potentiated
startle paradigm (Neuropsychopharmacology, advance online publication, September 15,
2010, d0i:10.1038/npp.2010.155).

This article describes the major finding for the project. It demonstrates that peripherally
administered oxytocin does-dependently reduces background anxiety, but not cue-specific
fear potentiated startle (Fig 1 for operational definitions of terms). Three experiments
shown this effect on acquisition, consolidation and expression of fear-potentiated startle.
Two additional experiments demonstrated that oxtyocin did not merely reduce the ability

Fig 1: Differences
between trial types are
used to define the effect
son background anxiety
and cue-specific fear-
potentiated startle. The
difference in startle
between the Pre-Fear
and Noise Trials is
background anxiety.

to startle and that oxtyocin’s effect was not due to reduction of contextually conditioned
fear. We concluded oxytocin has a novel antianxiety profile that targets background
anxiety - an anxiety state not directly related to cue-specific or contextual fear, but
sustained beyond the immediate threat.

Preliminary forms of this research were also presented at two meetings. The abstracts are
in Appendix 2 and 3.

In Progress (Task 1, ICV administration): After much experimentation, we have found effects of
oxytocin given intracerebroventricularly (ICV) on reducing background anxiety. Initially we



tested lower doses of oxytocin than were used for the peripheral studies because if it working
in the brain effective doses should be lower. However this was not the case. Doses that
worked peripherally, did not work when given ICV (Fig. 2). We therefore tried a very high

Fig. 2: ICV
administration
of oxytocin at
doses that
were effective
peripherally
does not
reduces
background
anxiety.

dose that is 200 times higher than the most effective peripherally administered doses. As
shown in Fig. 3, a dose of 20 ug, ICV effectively reduced background anxiety without
diminishing cue-specific fear potentiated startle. Speculatively, oxytocin delivered ICV
must return to the periphery and then become effective.

Fig. 3: A high dose
of oxytocin (20 pg,
ICV) significantly
reduced
background
anxiety without
affecting cue-
specific fear
potentiated startle.

An abstract of this work (Appendix 4) will be presented at the Society for Neuroscience meeting,
November 2010. We are currently writing the manuscript for publication.

In Progress (Task 1; Social Support): The effects of oxytocin on buffering the effects of a lack of
social support were tested. Comparison of the effects of oxytocin on rats housed in pairs
versus isolated rats yielded significant differences on social isolation induced potentiation of
startle. Pair-housed rats were tested for startle and then split into isolated or paired-housing
for 3 weeks. Startle was tested again either with 0.1 ug/kg, sc oxytocin or saline. The results

Fig. 4: Oxytocin has no
effect on startle of pair-
housed rats (left graph).
I[solated-housing
potentiates startle (right
graph). Oxytocin
significantly reduces the
social isolation induced
potentiated startle.




are shown in Fig. 4. This is a very exciting finding demonstrating oxytocin’s antianxiety
effects are not confined to fear-conditioning paradigm, but are quite robust and extend into
social buffering. The experiment needs to be replicated before it is ready for publication.

In Progress (Task 2: Glucocorticoid measures): We have preliminary data on the effects of
peripheral oxytocin on glucocorticoid levels in blood following the fear-potentiated startle
test. 30 minutes after the fear-potentiated startle test, plasma blood was taken and the
glucocorticoid levels were measured using an RIA for corticosterone (CORT). Fig. 5 shows
the results. Whereas we thought oxytocin would decrease CORT because these rats
displayed reduced background anxiety, the 0.1ug dose of oxytocin actually increased CORT
levels. We do not understand the finding yet since we do not have a control group that just
received oxytocin without fear conditioning and testing.

Fig. 5: Levels plasma CORT 30
minutes after a fear-
potentiated startle test. 0.1
ng/kg oxytocin significantly
reduced background anxiety
(data not shown). Contrary to
expectations, this dose
significantly increased the
blood levels of CORT
compared to saline (p<0.009).

Training: A graduate and an undergraduate student were supported by the grant and have
worked in collaboration on the completed studies. Each had no experience in behavioral
pharmacology or fear-potentiated startle. The undergraduate (Galen Missig) began graduate
school in Neuroscience this September at the University of Vermont. The graduate student
(Luke Ayers) has presented some of the studies in a poster at the Society for Neuroscience
meeting in Chicago last October. He will present the ICV data at this year’s Society for
Neuroscience meeting. Galen is first author on the Neuropsychopharmacology paper. Luke
will be first author on the ICV paper that is being written now.



KEY RESEARCH ACCOMPLISHMENTS

A new psychological target for antianxiety drugs is discovered — Background
anxiety is an anxiety state not directly related to cue-specific or contextual
fear, but sustained beyond the immediate threat.

Systemically administered oxytocin is an effective antianxiety agent in male rats
with unique properties of decreasing background anxiety but not cue-specific fear.
This work has been published in Neuropsychopharmacology.
Intracerebroventricularly administered oxytocin only reduces background anxiety
when given in very high doses. This suggests that oxytocin is not working
directly in brain.

Oxytocin blocks the potentiation of startle induced by social isolation. Excitingly,
oxytocin might buffer the detrimental effects of social isolation, a common
problem in anxiety and depressive disorder patients.

Taken together, it is concluded that oxytocin uniquely inhibits background and
social isolation anxiety, while leaving fear to a specific fear stimulus intact.

The research might have implications for oxytocin as a novel therapeutic
treatment for PTSD, which there is a high degree of generalization of fear and
anxiety.

KEY TRAINING ACCOMPLSHMENTS

Graduate and undergraduate students (one each) have been trained in behavioral
pharmacology using fear-potentiated startle as a paradigm for testing antianxiety
drugs. The main undergraduate working on the project is now in graduate school
in neuroscience.

They have learned the proper procedures for conducting animal research.

They have learned how to analyzes data, construct posters, and write abstracts and
manuscripts.

The students have learned presentation skills, and have presented the research at
local and national (Society for Neuroscience meeting) research forums.



REPORTABLE OUTCOMES

1.

2.

3.

Missig, G, Ayers, L.W.,, Schulkin, J. and Rosen, ].B. (2010). Oxytocin reduces
background anxiety in a fear-potentiated startle paradigm.

Neuropsychopharmacology, Advanced Online Publication,
doi:10.1038/npp.2010.155.

Ayers, L.W., Missig, G., Schulkin, J. and Rosen, ].B. (2010). Systemic, but not
intracereboventricular, administration of oxytocin results in an attenuation of
background anxiety in fear-potentiated startle paradigm. Program No. 705.24.
Society for Neuroscience: Neuroscience Meeting Planner, San Diego, CA. Online.

Ayers, L. W., Missig, G., Schulkin, J., Rosen, ].B. (2009). Oxytocin reduces anxiety-
related increases in startle, but not cue-specific fear-potentiated startle in male
rats: Relevance to PTSD. Program No. 841.17. 2009 Neuroscience Meeting
Planner. Chicago, IL: Society for Neuroscience, 2009. Online.

Rosen, ].B., Missig, G., and Ayers, L.W. (2009). Oxytocin reduces anxiety-related
increase in startle, but not cue-specific fear-potentiated startle in rats.
Pressented at the Military Health Research forum, Kansas City, MO, September 1.
Oral presentation #5S3-11 and poster presentation #P19-13.



CONCLUSION

The project has been quite successful. I believe the article just published in
Neuropsychopharmacology will be received very well and might lead people to
investigating background anxiety as a therapeutic target. When I presented the
preliminary results last year at the MHRF in Kansas City, there was a lot of interest
in the work and they generated much discussion. Our more recent results from the
intracerebroventricular administration of oxytocin should also produce a lot of
interest and possibly controversy. They suggest that oxytocin’s site of direct action
is not the brain, but oxytocin may need to get back into the periphery to produce its
actions. This may have implications for where the site of action is for the intranasal
delivery of oxytocin in humans, which is thought to get into the brain but has not be
definitively shown. Finally, the preliminary finding of oxytocin blocking the effects
of social isolation is likely very important because it suggests oxytocin may induce
social resiliency for patients of PTSD and other disorders which are co-morbid with
unhealthy levels of social isolation.



Appendix 1:

Missig, G, Ayers, L.W.,, Schulkin, J. and Rosen, ].B. (2010). Oxytocin reduces
background anxiety in a fear-potentiated startle paradigm.
Neuropsychopharmacology, Advanced Online Publication,
doi:10.1038/npp.2010.155.

































Appendix 2:

2010 Society for Neuroscience Abstract #705.24

Systemic, but not intracerebroventricular, administration of oxytocin results
in an attenuation of background anxiety in a fear-potentiated startle paradigm

L. W. AYERS, G. MISSIG, ]. SCHULKIN, J.B. ROSEN

Oxytocin is a compound long reported to have anxiolytic effects that may depend on
an animal’s state of anxiety. Recent work in our lab using the fear-potentiated startle
paradigm has supported this claim; systemically administered oxytocin (0.01-1.0 pg
oxytocin, s.c.) reduces background anxiety, yet specific conditioned fear is left intact.
The effect was not due to oxytocin reducing the rats’ ability to startle, nor in
reducing contextual fear; rather it appears to relate to generalized anxiety that
intermittent CS presentations produce. It remains to be determined if systemically
administered oxytocin crosses the blood brain barrier to act in the brain directly, or
whether its effects are initiated via interactions in the periphery. To address this
question oxytocin was administered directly into the lateral ventricles of rats prior
to testing fear potentiated startle. Eighty-eight male Sprague-Dawley rats were
implanted with unilateral guide cannula aimed at the left lateral ventricle (ICV).
Following recovery, each subject was acclimated to the startle apparatus and
acoustic startle stimuli for 3 days. On the 4th day subjects were given standard
Pavlovian fear conditioning; 5 pairings of a light and shock. On the 5t day, rats were
sorted into four equal groups based on their startle response on the last acclimation
day and then tested for fear-potentiated startle under the influence of oxytocin. ICV
infusions of oxytocin (ranging from 2ng to 2000ng) were administered 30 min prior
to receiving startle stimuli either in the presence or absence of the light.
Remarkably, no dose of oxytocin had an effect on any measure of startle. To confirm
that oxytocin administered ICV had behavioral effects, genital grooming after ICV
administration was tested. Grooming bouts were significantly increased by 100ng
and 1000ng oxytocin. Thus, the lack of effects of ICV oxytocin infusion on startle,
together with the reduction in startle seen with systemic administration, suggests
that oxytocin’s effect of reducing background anxiety may be initiated in the
periphery. These findings and future preclinical investigations into the mechanisms
underlying oxytocin’s reduction in background anxiety could lead to novel
treatments for anxiety disorders, such as PTSD.

Supported by: Department of Defense, CDMRP, Grant #W81XWH-08-1-0182
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Appendix 3:
2009 MHRF Oral presentation #S3-11 and poster presentation #P19-13

OXYTOCIN REDUCES ANXIETY-RELATED INCREASES IN STARTLE, BUT
NOT CUE-SPECIFIC FEAR-POTENTIATED STARTLE IN RATS

Jeffrey B. Rosen, Galen Missig, and Luke W. Ayers

Oxytocin increases trustworthiness and well-being, while decreasing anxious feelings in men
and women. Oxytocin, therefore, may have therapeutic value for anxiety disorders, like post-
traumatic stress disorder (PTSD). To test this hypothesis, the effects of oxytocin were
assessed on fear-potentiated startle in male rats. Because PTSD patients have exaggerated
startle responses, fear potentiated startle in rats has face validity as an animal model to
examine the effects of oxytocin on fear-exaggerated startle.

Methods: Fear-potentiated startle male Sprague-Dawley rats (225-250 g) from Charles River
were housed in pairs. Startle was measured in a startle-sensitive apparatus. There were three
phases of the fear-potentiated startle paradigm. Rats were first given a series of acoustic
startle stimuli (95, 105, and 115 dB 50 ms white noise) on three consecutive days to
determine their baseline startle amplitude. They then received Pavlovian fear conditioning of
five pairings of a 3 s light co-terminating with a 500 ms, 0.6 mA footshock. Four days later,
rats were tested for long-term memory of conditioned fear by delivering startle stimuli either
in the presence or absence of the fear conditioned light. Fear-potentiated startle was defined
as higher amplitude startle in the presence of the light compared to startle in its absence.
Oxytocin (0, 0.01, 0.1, or 1.0 pg, s.c.) was administered 30 minutes before either fear
conditioning, immediately after fear conditioning, or before fear potentiated startle testing to
assess its effects on acquisition, consolidation, and expression of conditioned fear,
respectively. Startle amplitude without fear conditioning. The effects of oxytocin also were
assessed on acoustic startle without fear conditioning. Rats were given a random series of
acoustic startle stimuli on three consecutive days to determine their baseline startle
amplitude. Four days later rats received 0, 0.01, 0.1, or 1.0 ug, s.c. oxytocin 30 minutes
before another series of acoustic startle stimuli. Differences in startle amplitude before
oxytocin and during oxytocin were analyzed.

Results: Oxytocin had similar dose-dependent effects on startle during the fear-potentiated
startle test when administered at any of the three phases (acquisition, consolidation, or fear
expression). There were no specific effects on fear-potentiated startle. However, startle both
in the presence and absence of the light was diminished by 0.1 pg of oxytocin, regardless of
when oxytocin was administered. This indicated that acoustic startle, but not fear-potentiated
startle, was diminished by oxytocin. To examine whether oxytocin interacted with fear
conditioning, oxytocin was tested on startle of rats without prior fear conditioning. There was
no effect of oxytocin at any of the doses tested.

Conclusions and Impact: Peripheral administration of oxytocin did not diminish cue-
specific conditioned fear, but reduced nonspecific anxiety. The findings suggest oxytocin has
unique effects of decreasing generalized anxiety without affecting learning and memory of a
specific traumatic event. Oxytocin may have anti-anxiety properties that are particularly
germane to the generalization of trauma typically seen in PTSD patients.

This work was supported by the U.S. Army Medical Research and Materiel Command under W81XWH-08-
1-0182.
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Appendix 4:
2009 Society for Neuroscience Abstract # 841.17

Oxytocin reduces anxiety-related increases in startle, but not cue-specific fear-
potentiated startle in male rats: Relevance to PTSD.

Luke W. Ayers, Galen Missig, Jay Schulkin and Jeffrey B. Rosen

Oxytocin reportedly decreases anxious feelings in humans and may therefore have
therapeutic value for anxiety disorders, like post-traumatic stress disorder (PTSD). Since
PTSD patients have exaggerated startle responses, a fear-potentiated startle paradigm in
rats may have face validity as an animal model to examine the efficacy of oxytocin in
treating these symptoms. Male Sprague-Dawley rats were used in a 3-phase fear-
potentiated startle paradigm. Rats were first given a series of acoustic startle stimuli (95,
105 and 115 dB, 50 ms duration) on 3 consecutive days to determine baseline startle
amplitude. They then received Pavlovian fear conditioning of five pairings of a 3 s light
co-terminating with a 500 ms, 0.6mA footshock. Four days later, rats were tested for
conditioned fear by delivering startle stimuli either in the presence or absence of the fear
conditioned light. Fear-potentiated startle was defined as higher amplitude startle in the
presence of the light compared to startle in its absence. Oxytocin (0, 0.01, 0.1, or 1.0 ug,
s.c.) was given 30 min before fear conditioning, immediately after fear conditioning, or
30 min before fear-potentiated startle testing to assess its effects on acquisition,
consolidation and expression of conditioned fear, respectively. Startle both in the
presence and absence of the light was significantly diminished by oxytocin (0.1 pg/kg)
when administered at any of the three phases (acquisition, consolidation, or fear
expression). There was no specific effect on fear-potentiated startle. Oxytocin also had no
effects on acoustic startle during testing without previous fear conditioning. Further, in a
context-conditioned test, previous light-shock fear conditioning did not increase acoustic
startle during testing when the light was not presented. The data suggest that oxytocin did
not diminish cue-specific conditioned fear, nor contextual fear, but reduced nonspecific
anxiety. This suggests that oxytocin has unique effects of decreasing generalized anxiety
without affecting learning and memory of a specific traumatic event. Oxytocin may have
antianxiety properties that are particularly germane to the generalized hypervigilance and
exaggerated startle typically seen in PTSD patients.

Supported by: Department of Defense Post-Traumatic Stress Disorder/Traumatic Brain
Injury Research Program of the Office of the Congressionally Directed Medical Research
Programs
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