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A Request to List PTSD as a Qualifying Condition under the AMMA

In accordance with the Arizona Medical Marijuana Act (the “AMMA"), the Arizona
Department of Health Services (“ADHS”) considers adding new, debilitating conditions
twice a year. As noted in a letter sent by the Medical Advisory Committee on July 17, 2012,
“by setting expectations for clinical assessments by medical providers and using evidence-
based research to guide programmatic decisions,” ADHS maintains the medical focus of the
AMMA. ADHS uses various procedures and protocols to avail itself of the full weight of
scientific and other evidence presented. With recommendations provided by the Medical
Committee, and under the guidance of ADHS director Will Humble, ADHS has continued to
uphold the high standards of the AMMA. With this in mind, we are pleased to submit our
petition for adding PTSD as a qualifying condition to the AMMA.

The issue of whether the AMMA should list PTSD as a qualifying condition balances
PTSD sufferers’ freedom to choose their treatment and the amount of research on
marijuana’s efficacy to treat PTSD. While, for reasons discussed below, there are not many
scientific studies directly relating to this issue, this comment will present the most relevant
research to date. The University of Haifa Studies—along with studies by Dr. Fraser, Dr.
Marsicano, and Dr. Sisley—all provide sufficient support for cannabis’s ability to effectively
treat the underlying causes of PTSD’s host of horrid symptoms, '

Across the country, states are recognizing the ability of medical marijuana to better
the quality of life of those suffering from PTSD. Recently, Oregon approved PTSD as a
qualifying condition under its medical marijuana program.! Maine even more recently
passed a legislative bill to include PTSD as a qualifying condition.? During its annual review,
New Mexico decided that PTSD would remain a qualifying condition under its medical
marijuana program.3 This groundswell of support arises not just at the State level, but also
at the municipal level. The US Conference of Mayors unanimously passed a resolution at its
78t Meeting, held from June 21-24, 2013, recognizing that medical marijuana is the safest
and most effective treatment option for many sufferers of PTSD.* ADHS should consider
the example set by these states and municipal officials as well as the scientific evidence
presented in this petition and recommend including PTSD as a qualifying condition under
the AMMA.

Introduction

During July 2012, ADHS received various petitions to include PTSD as a qualifying
condition under the AMMA.5 ADHS held public hearings and accepted public comments
regarding these proposals. Moreover, to further understand the efficacy of marijuana in

i http://www.eastbayexpress.com/LegalizationNation/archives/2013/06/11/oregon-governor-
approves-medical-marijuana-for-ptsd.

2 http://bangordailynews.com/2013/06/30/news/state/ptsd-added-to-list-of-qualifying-conditions-
for-medical-marijuana-treatment/.

3 http://www.drugpolicy.org/news/2013/05 /access-medical-marijuana-patients-post-traumatic-
stress-disorder-ptsd-new-mexico-protec.

4 http:/ /marijuanamajority.com/mayors/?mayor=trie

5 hit/ fwwwazdhs.goy /medicalmariivana/documents/debilitating /FFSD L pdf

http:/ fwww.azdhs.gov/medicalmarijuana/documents/debilitating/PTSD2.pdf.
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treating PTSD, ADHS assigned the University of Arizona’s Colleges of Medicine and Public
Health to compile an Evidence Review of published studies that address the benefits and
harms of cannabis therapy for PTSD. The ADHS 2012 “Medical Advisory Committee
Recommendations to the Agency Director” stated:

1)} The Evidence Reviews provided by the University of Arizona’s Colleges of Medicine and
Public Health proved extremely helpful and informative to the Committee while developing
the recommendations. 2) Because marijuana has not been subjected to any high quality,
scientifically controlled testing for any of the petitioned conditions (including PTSD}, we find
no convincing evidence that marijuana provides a benefit. 3) We acknowledge there is
anecdotal evidence that using marijuana has helped patients, but there is no way to exclude
the possibility that the improvement is due solely to placebo. 4) There is aiso potential for
harm to patients, if the Department were to approve marijuana use for these conditions.
Patients may use marijuana te seif medicate, and avoid seeking care from a trained medical
professional. 5) Delaying initiation of appropriate, proven treatments and therapies could
resuit in a worsening of their condition or misdiagnosis of a more serious condition. 6)
While the public comments and testimony were extremely compelling, the Committee, in
order to maintain the medical foundation of the program, utilized scientific evidence to
guide the decisions {(numbering added by authors).

We will examine each of these statements in turn:

1) The Colleges’ 2012 135-page packet contains only 18 articles “that came closest to
addressing any of the key questions.”¢ We disagree with the opinion that the packet was
either “extremely helpful” or “informative” in providing evidence regarding the issue at
hand. Our opinion is supported by the Colleges’ research, which concedes, “No study was
found that focused on the treatment effects of cannabis on those with PTSD.”? The extent of
the foundational knowledge regarding symptoms of and conventional treatments for PTSD
is summarized below in Parts I and II.

2) Marijuana has been subjected to high quality, scientifically-controlled testing, the
findings of such testing are summarized in Part Ill. Although the Colleges of Medicine and
Public Health’s compilation of scientific studies discovered no research undertaken within
the US and specifically excluded animal-based scientific studies, all must acknowledge that
the National Institute on Drug Abuse’s (“NIDA") evasive gatekeeping has created a research
monopoly preventing the Colleges and ADHS from finding the on-point studies they seek.

3) The purpose of NIDA is to conduct and support biomedical and behavioral research,
health services research, research training, and health information dissemination with
respect to the prevention of drug abuse and the treatment of drug abusers.® NIDA has
publicly stated that it does “not fund research focused on potential medical benefits of
marijuana.”? NIDA's executive director, Steven Gust, testified “that it is not NIDA’s mission to

6 Doug Campos-Outcalt, Patricia Hamilton, and Cecilia Rosales, Medical Marijuana for the Treatment of
Post Traumatic Stress Disorder: An Evidence Review, 3 {2012), available at
www.azdhs.gov/medicalmarijuana/documents/debilitating/Debilitating-Conditions-PTSD.pdf.

7 Id.

8 42 J.S.C.A. §285(0).

? NORML, Federal Agency in Charge of Marijuana Research Admits to Stifling Studies on

Medical Cannabis (Jan. 28, 2010), available at http:/ fnormlorg/mews/2010/01/28/federal-agency-in-
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study medical uses of marijuana.”® To conduct a study on the medicinal benefits of
marijuana in the US, however, a researcher must first obtain NIDA’s permission. Hence, we
believe the standards used by ADHS in conducting Evidence Reviews are inappropriate
under these circumstances. The State of Arizona is home to Dr. Sue Sisley-—a leading
researcher in the field—who has prepared and obtained FDA approval for a true scientific
study of the issue. NIDA and the DEA, however, are blocking her approval and obstructing
her scientific research. Arizonans understand that barricades such as these must be
removed because they are unhelpful to the progress of science and medicine. By
maintaining its current policies and standards,1! ADHS precludes itself from examining
reasonable, objective scientific analysis and drawing reasonable conclusions regarding
marijuana’s ability to treat PTSD. We urge ADHS to remove these artificial barriers and
allow PTSD sufferers the right to choose an alternative form of medication by adding PTSD
as a qualifying condition to the AMMA.

4) ADHS admits they are worried about PTSD sufferers using medical marijuana to
self-medicate instead of seeking counseling, therapy and other treatment options from
licensed medical practitioners, This concern, however, ignores the reason why countless
PTSD sufferers have already turned to marijuana to self-medicate: current pharmacological
treatments are ineffective and dangerously addictive. As we will explain, PTSD is only
partially understood and it's treatment even less so. The unique brain circuitry and
chemistry of each patient coupled with the unique circumstances surrounding the
traumatic incident at the source of PTSD makes for a wide array of symptoms associated
with the disorder. This complexity makes finding a one-size-fits-all treatment schedule for
PTSD sufferers impossible, illogical, and unhealthy in ways. It's this inability of doctors to
treat the full range of symptoms with pharmacological treatments that drives PTSD
sufferers to self-medicate. Of the pharmacological and self-medication treatments available
to PTSD sufferers, marijuana has the greatest potential for treating the largest cross-section
of PTSD symptoms with the least serious side effects. Used in tandem with psychotherapy,
marijuana has the potential to reverse the neurological effects of PTSD.

The importance of adding PTSD as a qualifying condition under the AMMA cannot
be understated. Adding PTSD as a qualifying condition would bring those who are currently
self-medicating out of the shadows and into the regulatory regime of the AMMA. These self-
medicating sufferers would become patients who will receive counseling and therapy
leading to a decrease—not an increase—in self-medication. Opening up this treatment

charge-of-marijuanaresearch-admits-stifling-studies-on-medicinal-cannabis-nida-does-not-fund-research-
focused-onthe-potential-medical-henefits-of-marijuana.

10 Mary Ellen Bittner, In the Matter Lyle E. Craker Ph.D., Docket No. 05-16, AL] 19 (DEA 2007).

Dr. Sue Sisley of the University of Arizona discusses NIDA's monopoly on marijuana-related research here:
http://www.maps.org/media/view/dr._sue_sisley_talks_about_medical_marijuana_ptsd_and_scientific_freed/
at 2:30-3:44. Dr, Sisley helped create a political action committee called Americans for Scientific Freedom to
combat this monopoly. Id. at 3:30-3:55.

i The College of Public Health “[e]xcluded articles includ[ing] those that were: animal studies, or
experiments on biochemical or pathophysiological pathways; case reports or case series; editorials or
opinions; not addressing a key question,” Supra note 1, at4. Again, the College of Public Health found zero
studies directly testing whether martjuana can effectively treat PTSD. The Colleges’ prohibitions prevent the
inclusion of the only scientifically-controlled studies directly testing the efficacy of marijuana.
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option to all sufferers could also reduce the number of PTSD sufferers who are turning to
alcohol and hard drugs to self-medicate. Thus, adding PTSD as a qualifying condition under
the AMMA has the potential to alleviate the very fears upon which ADHS based its rejection
in 2012.

5} ADHS concedes that delay in implementing appropriate treatments could lead to a
worsening of conditions for patients. The studies presented below argue for marijuana’s
efficacy at treating PTSD. Any delay in accessing effective treatment could lead to a
worsening of conditions. A vote to list PTSD as a debilitating condition under the AMMA
will help mitigate the effects of previous delays for sufferers of PTSD.

6) ADHS described the public comments of 2012 as compelling. Compelling comments
from members of the public should guide their representatives on how to properly serve
them. Sadly, in 2012, these compelling public comments were considered insufficient
standing alone. This 2013 comment hopes to provide the additional research ADHS seeks.

L PTSD Presents an Array of Debilitating Symptoms Affecting Everyday Life.

To be diagnosed with PTSD, an individual must be exposed to a psychologically
traumatic event that facilitates the onset of persistent symptoms. These symptoms must
cause significant distress or impact everyday functioning. The Diagnostic and Statistic
Manual of Mental Disorders, Fourth edition defines a “traumatic event” as one in which “(i)
the person experiences, witnesses, or was confronted with an event or events that involved
actual or threatened death or serious injury or a threat to the physical integrity of self or
others; and (ii) the person’s response involved intense fear, helplessness, or horror.” PTSD
has been conceptualized as a disorder of fear in which the individual has exaggerated fear
responses or the inability to control fear responses. It has also been described as a disorder
of memory, in which individuals suffering from PTSD seem to “relive their trauma in the
form of involuntary recollection,”12

A. Physica fo

Physical symptoms are typically characterized by phenomena that can be grouped
for the most part into three primary domains: (i) reminders of the exposure (including
flashbacks, intrusive thought, nightmares); (ii) activation (including hyperarousal,
insomnia, agitation, irritability, impulsivity and anger); and (iii) deactivation (including
numbing, avoidance, withdrawal, confusion, derealization, dissociation, and depression).!3
In addition to demonstrating enhanced recall for traumatic memories, distressing
recollections for those with PTSD are often “vivid” and “long-lasting.” It is in part these
“reliving” experiences that take the form of nightmares, intrusive thoughts, and/or
flashbacks—coupled with observed cognitive disturbances—that have fostered interest
regarding the neurobiological and neuropsychological underpinnings of this condition.14
PTSD is characterized by the presence of signs and symptoms in the three primary domains

2 Brenner, Lisa A., Neuropsychological and Neuroimaging Findings in Traumatic Brain Injury and Post-
traumatic Stress Disorder.

13 Sherin, et al,, Post-traumatic Stress Disorder: the Neurobiological Impact of Psychological Trauma

14 See Supra note 6.
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described for a period extending beyond one month (such periods can in some cases occur
long after the original, precipitating traumatic exposure). The signs and symptoms of PTSD,
therefore, appear to reflect a persistent, abnormal adaptation of neurobiological systems to
the stress of witnessed trauma.15

B. Neurological Symptoms.

Despite knowledge that genetic variability, gender, and developmental history
appear to impact neurobiological systems and responses to traumatic stimuli, PTSD
symptoms are believed to relate to an individual’s deregulated biological response to
stress. During traumatically stressful situations, neurotransmitter systems and
neuroendocrine axes are activated. Neurobiological activation is thought to impact brain
functioning and hypothesized to alter the structure of brain regions including the
amygdala, hippocampus, locus coeruleus, dorsal raphe nucleus, and prefrontal cortex.
Recent work by Eckart and colleagues noted reduced volume in the prefrontal and parietal
regions of refugees with PTSD and suggested that such disturbances, along with previously
reported findings regarding the medial temporal region, may highlight memory
“disturbance” associated with PTSD, Among those with PTSD, findings demonstrated an
exaggerated amygdala response, deficient prefrontal functioning, and decreased
hippocampal activation.16

Characteristic changes in brain structure and function have been identified in
patients with PTSD using brain-imaging methods. Brain regions that are altered in patients
with PTSD include the hippocampus and amygdala as well as cortical regions including the
anterjor cingulated, insula, and orbitorfrontal region. These areas interconnect to forma
neural circuit that mediates, among other functions, adaptations to stress and fear
conditioning. Changes in these circuits have been proposed to have a direct link to the
development of PTSD. 17

A hallmark feature of PTSD is reduced hippocampal volume. The hippocampus is
implicated in the control of stress responses, declarative memory, and contextual aspects
of fear conditioning. Prolonged exposure to stress and high levels of glucocorticoids in
laboratory animals damages the hippocampus, leading to reduction in dendritic branching,
loss of dendritic spines, and impairment of nueorgenesis. ¢

The amygdala is a limbic structure involved in emotional processing and is critical
for the acquisition of fear responses. The functional role of the amygdala in mediating both
stress responses and emotional learning implicate its role in the pathophysiology of PTSD.
Although there is no clear evidence for structural alterations of the amygdala in PTSD,
functional imaging studies have revealed hyper-responsiveness of the amygdala in patients
with PTSD during the presentation of stressful scripts, cues, and/or trauma reminders.
PTSD patients further show increased amygdala responses to general emotional stimuli,
such as emotional faces, that are not trauma-associated. The amygdala also seems to be

15 Id,
16 Id.
17 Supra note 6.
14 Id.

ADHS Petition [uly 2013 | Adding PTSD as a qualifying condition to the Arizona Medical Marijuana Act| Page 6 of 16



sensitized to the presentation of subliminally threatening cues in patients with PTSD, and
increased activation of the amygdala has been reported in PTSD patients during fear
acquisition in a fear conditioning experiment. 1?

The medial prefrontal cortex (PFC) comprises the anterior cingulate cortex (ACC),
subcallosal cortex, and the medial frontal gyrus. The medial PFC exerts inhibitory control
over stress responses and emotional reactivity in part by its connection with the amydgala.
The medial PFC further mediates extinction of conditioned fear through active inhibition of
acquired fear responses. Patients with PTSD exhibit decreased volumes of the frontal
cortex, including reduced ACC volumes. This reduction in ACC volume has been correlated
with PTSD symptom severity in some studies. Functional imaging studies have found
decreased activation of the medial PFC in PTSD patients in response to stimuli, such as
trauma scripts, combat pictures and sounds, trauma-unrelated negative narratives, fearful
faces, emotional stroop, and others; although, there are also discordant findings. Reduced
activation of the medial PFC was associated with PTSD symptom severity in several studies
and successful SSRI treatment has been shown to restore medial prefrontal cortex
activation patterns.2®

Core endocrine features of PTSD include abnormal regulation of cortisol and thyroid
hormones, though there is some disagreement about these findings in the literature. Core
neurochemical features of PTSD include abnormal regulation of catecholamine, serotonin,
amino acid, peptide, and opioid neurotransmitters, each of which is found in brain circuits
that regulate/integrate stress and fear responses. A cardinal feature of patients with PTSD
is sustained hyperactivity of the autonomic sympathetic branch of the autonomic nervous
system, as evidenced by elevations in heart rate, blood pressure, skin conductance, and
other psychophysiological measures. Administration of the centrally acting $-adrenergic
receptor antagonist propranolol shortly after exposure to psychological trauma has been
reported to reduce PTSD symptom severity and reactivity to trauma cues.?!

C. Effects on Health-Related Quality of Life.

Among patients, posttraumatic stress symptoms indicative of PTSD were associated
with a considerable decrease in health-related quality of life. PTSD symptoms may,
therefore, raise a major barrier for full recovery of even minor levels of severity in injury
patients.22 Two years after injury, posttraumatic stress symptoms were associated with
more problems on almost all domains of functional outcome and a considerable decrease in
health-related quality of life in both non-hospitalized and hospitalized patients. We
conclude that, among patients admitted to an emergency department due to injuries of all
causes and severity levels, posttraumatic stress symptoms indicative of PTSD are
associated with decreased health-related quality of life even after correction for possible
confounders such as comorbidity. Hence, PTSD is a major barrier for full recovery of injury
in patients with even minor levels of severity.

12 Id,

20 Id.

21 See Supra note 6

22 Haagsma et al,, Post-traumatic Stress Symptoms and Health Related Quality of Life: a Two Year Follow-

up Study of Injury Treated at the Emergency Department
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IL Conventional Treatments Prove Ineffective at Treating PTSD.

The standard treatment plan for treating PTSD is some combination—depending on
the PTSD’s severity—of talk therapy (pyschotherapy) and pharmacological therapy.?® The
most common talk therapy treatment used is cognitive-behavioral therapy (CBT}.?* CBT, of
which there are different types, appears to be the most effective type of talk therapy for
treating PTSD.25 The purpose of CBT is to help the patients “understand and change how
[they] think about [their] trauma and its aftermath” by confronting and discussing past
traumatic events.26 Other types of talk therapy exist; however, experts are uncertain about
their efficacy.2’” Eye movement desensitization and reprocessing (EMDR) is one such
treatment.28 In EMDR, “while thinking of or talking about [their] memories, [the patients]
focus on other stimuli like eye movements, hand taps, and sounds.”?? Examples of other
alternative therapies are group therapy and family therapy.3¢

Antidepressant medication is the most common pharmacotherapy used to
supplement talk therapy treatment.3! The most prevalent antidepressants are selective
serotonin reuptake inhibitors (SSRI).32 SSRIs reduce PTSD symptoms by altering the
chemical balance of patient’s brains through artificial increases in serotonin levels.3?
Examples of SSRIs are Prozac and Zoloft.3¢ Serotonin-norepinephrine reuptake inhibitors
(SNRIs) may be used as an alternative to SSRIs. If these antidepressants do not suppress
the patient’s symptoms, then a doctor may prescribe tricyclic antidepressants.35 If the
patient does not respond to antidepressants in general, then a doctor may recommend
Benzodiazepines.3¢ Benzodiazepines are thought to be more useful for treating PTSD
symptoms if immediate relief is needed because antidepressants take several weeks to take
effect.3? Other drugs may be prescribed for specific symptoms, such as antipsychotic and
anti-anxiety medication.3%

Although there are a wide range of psychological and pharmacotherapies, half of
PTSD sufferers go untreated and “[a]bout a third of PTSD victims never recover despite
treatment.”3? A 2010 Institute of Medicine (I0M) panel that examined this issue, “strongly

23 htto://Bealth nvtimes.com/health /euides/disease /nost-raumatic-stress-disorder /orinthitml.
24 Id.

25 hito:/Swww ntsd.va.gov/public/papes/ireatment-pisd.asp

26 Id.

a7 Id.

28 Id.

29 I,

30 Id.

3t Letp://healthaoviimes.com/heatth /euides/disease/nost-traumatic-stress-disorder/print.html
32 Id

33 http://www.ptsd.va.gov/public/pages/ireatment-ptsd.asp

34 Id.

35 hitp://healthnyviimes.com/kealth /euides/disease /nost-fraymatic-stress-disorder /printhitnd
36 Id,

37 Id,

38 Id,

39 hitn: / fusatodavItusatodav.com/news/military /story/2012-07- 13 /post-traumatic-stress-disorder-

programs/S6207754/1
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favored psychotherapy intervention, which has been proven by research and clinical use,
and was less positive about drug or alternative therapies, which lack scientific studies to
support their effectiveness.”s® Furthermore, a 2008 IOM panel “concluded that neither
(selective serotonin inhibitors) nor any other drugs could be considered effective for the
treatment of PTSD. The evidence base .. . [for] pharmacotherapy for PTSD is at best mixed
and inconclusive.”! The 2010 panel affirmed that “more research is necessary.”#2 In
addition, Professor Sue Sisley at the University of Arizona has said with respect to PTSD
that drugs “like Zoloft and Paxil have proven entirely inadequate."#3 A double standard
exists when the threshold to prove marijuana’s efficacy in treating PTSD is so high while
ineffective, pharmaceutical drugs are rampantly accessible and freely prescribed.

While the efficacy of pharmacotherapy is uncertain, its side effects are painfully
clear. SSRIs can “cause agitation, nausea, and diarrhea. Sexual function side effects include
low sex drive, inability to have an orgasm, and impotence.”#* Furthermore, there “have
been many concerns about SSRIs and increased risk of suicidal behavior.”4> SNRIs also may
impair sexual function and can increase blood pressure and heart rate.*¢ Side effects of
tricyclic antidepressants “include sleep disturbance, abrupt reduction in blood pressure
upon standing, weight gain, sexual dysfunction, and mental disturbance.”47
Benzodiazepines have a risk of dependency and abuse and can cause daytime drowsiness, a
hung-over feeling, and agitation.*8 Generally speaking all of these drugs should be closely
monitored if used by the elderly, heavy drinkers, those with heart conditions, glaucoma,
liver and kidney problems, or other health issues as death may result.#? Pregnant woman
should avoid using these drugs as birth defects may result.3® Many patients have also
reported severe withdrawal symptoms for many of these drugs, including dizziness,
nausea, anxiety, and insomnia sometimes lasting one to three weeks.5t

As a result of the uncertainty surrounding pharmacotherapy’s efficacy and the
presence of numerous side effects, many PTSD victims have turned to medical marijuana
for relief. Dr, Phil Leveque, a World War II veteran, is one such example of the shift toward
medical marijuana.5? Dr. Leveque had his medical license revoked for issuing an estimated
1,000 medical marijuana permits to veterans suffering from PTSD.53 According to Dr.
Leveque, “Whether they were World War 11, Korea, Vietnam or vets from the current

40 Id,

4 Id,

42 Id.

43 bt/ Swrwwiheatlanticcom /Zhealth /archive /2012 /01 /the-case-for-treating-nisd-in-veterans-with-
medical-marijuana /2514667

4 http://health.nytimes.com/health/guides/disease /post-traumatic-stress-disorder/print.htinl

45 Id.

46 Id.,

47 Id,

48 Id,

49 Id.

50 Id,

51 Id,

52 bitkn:/ fwww theatlantic.com/health farchive /2012 /01 /the-case-for-treating-ntsd-in-veterans-with:
medical-mariivana/251460/

53 Id,
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conflicts, 100 percent of my patients said it was better than any drug they were prescribed
for PTSD."5¢

HI.  Studies Demonstrate Marijuana’s Efficacy in Treating PTSD Symptoms.

Again, the Colleges’ Evidence Review of scientific studies addressing the benefits
and harms of cannabis therapy for PTSD excluded articles that contained: “animal studies,
or experiments on biochemical or pathophysiological pathways; case reports or case series;
editorials or opinions; [anything] not addressing a key question.” This approach, coupled
with NIDA's research-prohibitive agenda, effectively eliminates any and all scientifically-
controlled studies that directly test the efficacy of marijuana in treating PTSD. As a result of
the exclusions, the Colleges were unable to find a single study that was on point, including
the research presented in this petition. Hence, the recommendation of the Medical
Advisory Committee to the director of ADHS in 2012 was to not include PTSD because “at
this time, there is insufficient valid, scientific evidence.” We believe this recommendation
was based on incomplete information.

The following studies directly address the efficacy of marijuana in treating PTSD.
These studies represent reasonable, objective scientific data that should lead to reasonable
conclusions. We hope that ADHS will consider this research when making its determination
of whether to list PTSD as a qualifying condition under the AMMA.

A. The University of Haifa Studies Provide Direct Scientific Evidence
of Marijuana'’s Potential Efficacy in Treating PTSD.55

The University of Haifa’s 2011 Study—The Role of Cannabinoids in Modulating
Emotional and Non-Emotional Memory Processes in the Hippocampus—found that the
administration of cannabinoids (the active compounds found in medicinal marijuana) after
experiencing a traumatic event blocks the development of post-traumatic stress (PTSD)-
like symptoms in rats,56 The rats were divided into four groups. One group was given no
marijuana; another was given a marijuana injection two hours after being exposed to a
traumatic event; the third group after 24 hours and the fourth after 48. The rats were
examined a week later and—while the group that was injected with marijuana 48 hours or
more after trauma continued to display PTSD symptoms as well as a high level of anxiety—
the PTSD symptoms disappeared in rates that were given marijuana two or 24 hours after
experiencing trauma. The Study’s author, Dr. Akirav, concluded that the results suggest that,
while cannabis does not erase the experience of trauma, marijuana specifically prevented the
development of post-traumatic symptoms.5?

5 Id
55 For full study refer to Exhibit A,
56 Akirav, Irit, THE ROLE OF CANNABINOIDS IN MODULATING EMOTIONAL AND NON-EMOTIONAE MEMORY PROCESSES

INTHR HipPocampus (2011), available at,

httn:/ fwww. frantiersinorg /Behavioral Neuroscience /10,3389 /fnbeh 201100034 /fu]I#B155 (hereinafter,
2011 Haifa Study).

57 The results also suggest a required window within which the treatment must be administered.
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i. Fear Retrieval.

More specifically, the Haifa Study states that “WIN 55,212-2 (5 pg) (a cannabinoid)
injected into the dorsal hippocampus increases the number of reference memory errors in
the eight-arm radial-maze task, suggesting impairment of memory retrieval.58 To give
further background, the article provides that “post-training intrahippocampal
administration of WIN 55,212-2 (2.5 and 5 pg) disrupts long-term spatial memory, but not
acquisition or short-term memory, in a rat reference memory task in the water maze.”>?
Additionally,

[iJn neuronal circuits, memory storage depends on activity-dependent modifications in
synaptic efficacy, such as long-term potentiation (LTP) and long-term depression (LTD),
which are the two main forms of synaptic plasticity in the brain. Cannabinoid receptor
activation inhibits both LTP and LTD induction in the hippocampal slice. The inhibition of LTP
in field potentials in the CA1 region has been demonstrated using THC, HU-210, WIN 55,212-
2, 2-AG, and anandamide®® and has been found recently to inhibit hippocampal LTD of CA1
field potentials as well.5!

Simply put, the research cited suggests that cannabis can prevent the hippocampus from
retrieving traumatic menories.?

ii. Fear Extinction.

The Haifa Study further states, “Although considerable evidence suggests that
activation of CB1 (cannabinoid) receptors can induce learning and memory impairments,%3
CB1 receptors are essential for the extinction of conditioned fear associations,® indicating
an important role for this receptor in neuronal emotional learning and memory.”

Extinction was established as a tool to treat conditioned fear by Freud in the 1920s. It has
become widely accepted that a deficit in the capacity to extinguish memories of fear is at
the root of fear disorders as a result of the distinction between those who do and do not
develop serious symptoms after fearsome experiences, and the fact that fear disorders are
treated with therapy based on extinction procedures. Moreover, panic attacks, phobias, and

58 Id, (citing Wegener et al, 2008).

53 Id. (citing Yim et al,, 2008).

60 Id. (citing Nowicky et al., 1987; Coliins et al,, 1994, 1995; Terranova et al,, 1995; Misner and Sullivan,
1999).

61 Id. {citing Misner and Sullivan, 1999} (emphasis added).

62 A team at National Cheng-Kung University’s Institute of Basic Medical Scienses and Department of

Pharmacology in Taiwan demonstrated “that bilateral infusion of CB1 receptor agonists into the amygdala
after memory reactivation blocked reconsolidation of fear memory measured with fear-potentiated startle.”
Lin, Hui-Ching, Mao Sheng-Chun, and Gean, Po-Wu, EFFECTS OF INTRA-AMYGDALA INFUSION OF CB1 RECEPTOR
AGONISTS ON THE RECONSOLIDATION OF FEAR-POTENTIATED STARTLE (January 11, 2013), available at

nttp:/ fwww learnmenorg/eyi/dol /10,1108 /im.217006. For full study refer to Exhibit F.

Additionally, a Brazilian team concluded that “pharmacotherapies directed at the endocannabinoid
system may represent a viable approach to the treatment of a variety of psychiatric disorders related to the
retrieval of fear memories, including panic, phobias, and PTSD. Pamplona, Fabricio et al., THE CANNABINCID
RECEPTOR AGONIST WIN 55,212-2 FACILITATES THE EXTINCTION OF CONTEXTUAL FEAR MEMORY AND SPATIAL MEMORY IN
RATS, Springer-Verlag {2006). For full study refer to Exhibit G.

63 Supra note 56 (citing Sullivan, 2000; Robinson et al, 2003; 0'Shea et al,, 2004; Varvel et al, 2005).
64 1d. (citing Marsicano et al,, 2002).
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particularly post-traumatic stress disorder (PTSD) are viewed by many as a deficit of
extinction that should therefore be treated by an intensification of extinction.s

Dr. Akirav cites other studies demonstrating “that pharmacological activation of eCB
(endocannabinoid system) signaling promotes extinction of fear memories.”¢ The
procedure used to demonstrate the effects of the WIN 55,212-2 cannabinoid on extinction
“is dependent on both the amygdala and hippocampus as a single CS-US (context-
footshock) pairing establishes a robust long-term memory, expressed as an increase in
latency to enter the dark chamber at testing.” Here, “the results of Marsicano et al. (2002167
and subsequent investigations demonstrate that inhibition of eCB transmission robustly
inhibits (or prolongs) fear extinction.s8 Conversely, stimulation of eCB transmission

accelerates fear extinction,”s?

In a separate study at the University of Haifa, Drs. Akirav and Ganon-Elazar found
“preclinical support to the suggestion that cannabinoids could represent a target for the
treatment of diseases associated with the inappropriate retention of aversive memories
such as posttraumatic stress disorder.””® [n the 2009 Haifa Study, Ganon-Elazar and Akirav
demonstrated the following: (1) the effects of WIN55,212-2 could not be attributed to
sensorimotor deficits, because these parameters seemed unchanged by WINN 55,212-2
microinjected into the BLA; and (2) the CB1 receptor in the BLA is crucially involved in the
extinction of IA, because the CB1 receptor antagonist AM251 microinjected into the BLA
significantly blocked extinction.”* Together, these studies support a therapeutic
application for cannabinoids in extinguishing fears for conditions associated with aversive
memory retention.

ii, Stress Mediation.

Furthermore, “considerable evidence suggests that cannabinoids are anxiolytics
which modulate the behavioral and physiological response to stressful events."72
Consequently, the effects of CB1 agonists on learning and memory may be attributable to a
general modulation of anxiety or stress levels and not to memory per se. The hippocampus
is often implicated in the neurobiology of stress.”3 Thus, in PTSD and major depression

65 1d. (citing Charney et al, 1993; Wessa and Flor, 2007; Milad et al,, 2008).

66 Id. "For example, Chhatwal et al. £2005) found that systemic administration of the ¢CB transporter
AM404 (10 mg/kg) promotes extinction of fear that was conditioned using fear-potentiated startle.” Id.

&7 See infra Part 111.C.

68 Id. (citing Suzuki et al,, 2004; Pamplona et al,, 2006; Ganon-Elazar and Akirav, 2009; Abush and
Akiray, 2010},

69 Id. {citing Suzuki et al,, 2004; Chhatwal et al, 2005; Barad et al, 2006; Abush and Akirav, 2010}
(emphasis added).

e Ganon-Elazar, Eti and Akirav, Irit, CANNABINOID RECEPTOR ACTIVATION IN THE BASOLATERAL AMYGDALA

BLOCKS THE EFFECTS OF STRESS ON THE CONDITIONING AND EXTINCTION OF INHIBITORY AVOIDANCE. 29(36) J. NEUROSCI at
11078-11088 (September 9, 2009) (hereinafter, 2009 Haifa Study). For full study refer to Exhibit E.

7 1d

72 Supra note 56 {citing Viveros et al,, 2007; Hill et al,, 2010},

73 Id.

ADHS Petition July 2013 | Adding PTSD os a qualifying condition to the Arizona Medical Marijuana Act | Page 12 of 16



patients, hippocampus volumes are reduced,” and smaller hippocampal volumes are
predictive of vulnerability to developing stress-related disorders.”s

Finally, [r]esults from many studies indicate that the eCB (endocannabinoid) system
modulates unconditioned stress- and anxiety-like responses.”¢ A general conclusion that
can be tentatively derived from the complicated and often contradictory literature is that
inhibition of eCB signaling increases stress and anxiety, while moderate increases in eCB
signaling decrease stress and anxiety.”” For anxiety, “these studies suggest that eCBs act at
CB1 receptors to reduce anxiety” when taken together.”® Regarding fear generally, the
Study concludes, “Overall it appears that, as in the case of unconditioned fear, inhibition of
eCB transmission increases fear while moderate stimulation of eCB transmission decreases
fear."7?

In the 2011 Haifa Study, “[t]echniques based on intracranial injections of
cannabinoids in rats revealed that activation of CB1 receptors is involved in inducing
anxiolytic- or antidepressant-like effects.8® For example, Rubino et al. {2008a]} found that
low doses of THC microinjected into the PFC (10 ug) or ventral hippocampus (5 pg) in rats
induces an anxiolytic-like response during tests in the EPM, while higher doses do not
show an anxiolytic effect and even seem to switch into an anxiogenic profile. To
summarize the Haifa Study’s results regarding “the role of the eCB system in stress, anxiety,
and conditioned fear, there is a general consensus that the effects of cannabinoid agonists
on anxiety seem to be biphasic, with low doses being anxiolytic.”8! The 2009 Haifa Study
also stated, “Importantly, because of the effects of the drug on the stress response, it is
likely that potential patients treated with cannabinoids or related compounds might
benefit also from the stress-reversing effects of the drug.” In conclusion, the Haifa Studies
demonstrate that marijuana can help treat the underlying causes of PTSD symptoms in
patients.

B. Fras ound that Naboline, a Cannabinoi reatly Reduced or Abolished
ightmares in PTSD Sufferers.82

Fraser’s article—The Use of a Synthetic Cannabinoid in the Management of
Treatment-Resistant Nightmares in Posttraumatic Stress Disorder (PTSD)—states:

74 Id. (citing Bremner etal,, 1995; Sheline et al, 1999; Woon and Hedges, 2008).
75 Id. {citing Pitman et al, 2006).
76 Id. {citing Viveros et al, 2005;Gorzalka et al,, 2008; Lutz, 2009); Resstel, Leonardo, 5-HT14 Receptors

are Involved in the Cannabidiol-Induced Attenuation of Behavioral and Cardiovascular Responses to Acute
Restraint Stress in Rats, BR., |. CLIN. PHARMACOL 156, 181-188 (2009} {concluding that "present findings indicate
that CBD, by activating 5-HT1a receptors, can attenuate physiological and behavioral responses to restraint
stress” and stating, “This finding raises the possibility that CBD could be useful for treating psychiatric
disorders thought to involve impairment of stress-coping mechanisms, such as depression and post-
traumatic stress disorder.”).

77 fd. (citing Lutz, 2009 at Table 2).

7 Supra note 56.

% Id. (emphasis added}.

80 Id. {citing Bambico et al. 2007, Moreira et al, 2007; Rubino et al, 2008a,b)

81 Supra note 56. To be fair, the Study also found that high doses could be axicgenic. Id.
82 For full study refer to Exhibit B.
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“Endocannabinoids are thought to exert an effect through a variety of interactions with the
CNS {central nervous system) related to PTSD ... including “the function of the
hippocampus and amygdala, and control of cortical regulation of memory processes.8?
Fraser prepared this open-label clinical trial “to evaluate the effects of nabilone, an
endocannabinoid receptor agonist, on treatment-resistant nightmares in patients
diagnosed with post-traumatic stress disorder (PTSD).” Fraser’s study directly addresses
marijuana’s potential to treat symptoms of PTSD.

The following quotes Fraser’s summary of his methods results:

Charts of 47 patients diagnosed with PTSD and having continuing nightmares in spite of
conventional antidepressants and hypnotics were reviewed after adjunctive treatment with
nabilone was initiated. These patients had been referred to a psychiatric specialist
outpatient clinic between 2004 and 2006. The majority of patients (72%} receiving
nabilone experienced either cessation of nightmares or a significant reduction in
nightinare intensity. Subjective improvement in sleep time, the quality of sleep, and the
reduction of daytime flashbacks and nightsweats were aiso noted by some patients. The
results of this study indicate the potential benefits of nabilone, a synthetic cannabinoid, in
patients with PTSD experiencing poor control of nightmares with standard
pharmacotherapy. This is the first report of the use of nabilone {Cesamet;Valeant Canada,
Ltd., Montreal, Canada) for the management of treatment-resistant nightmares in PTSD,8*

Fraser found that a “chart review of patients diagnosed with PTSD who were referred to a
private psychiatric clinic suggests that the synthetic cannabinoid, nabilone, has beneficial
effects beyond its official indication in regard to abolishing or greatly reducing nightmares
that persisted in spite of treatment with conventional PTSD medications.8®

C. Marsicano Found that the Endogenous Cannabineid System Could
Therapeutically Treat Diseases such as Post-traumatic Stress Disorder.86

In The Endogenous Cannabinoid System Controls Extinction of Aversive Memories,
Marsicano, et al. begins, "Acquisition and storage of aversive memories is one of the basic
principles of central nervous systems throughout the animal kingdom."87 This team of
researchers “showfed] that the endogenous cannabinoid system has a central function in
extinction of aversive memories."8® Methods:

To study the involvement of the endogenous cannabinoid system in memory processing, we
(the team) generated CB1-deficient mice, CB12/2 mice and CB14/4 littermates were tested
in auditory fear conditioning, which is highly dependent on the amygdala and enables the

dissection of different phases of memory formation, including acquisition, consolidation and

8 George A. Fraser, THE USE OF A SYNTHETIC CANNABINOID 1N THE MANAGEMENT OF TREATMENT-RESISTANT
NIGHTMARES IN POSTTRAUMATIC STRESS DISORDER {PTSD) (2009).
o4 Id. {emphases added).

5 Id. (emphases added).

6 For full study refer to Exhibit C,

87 Giovanni Marsicano et al,, THE ENDOGENOUS CANNABINOID SYSTEM CONTROLS EXTINCTION OF AVERSIVE
MEMORIES (2002] {citing LeDoux, }. E, Emotion Circuits in the Brain, 23 ANNY. REV. NEGROGL, 155~184 (2000)).
88 Giovanni Marsicano et al, THE ENDOGENOUS CANNABINOID SYSTEM CONTROLS EXTINCTION OF AVERSIVE

MEMORIES (2002) {emphases added),
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extinction .. .. As the amygdala has a crucial role for extinction of aversive memories,? [the
team] studied amygdala-dependent memory performance in the absence of possible
confounding influences of the hippocampus by re-exposing the mice to the tone inan
environment different from the conditioning context.?®

The Marsicano team “demonstrated a specific involvement of CB1-mediated
neurotransmission in extinction of aversive memories.,”? The Study stated that “[i]t remains
to be shown whether CBi is not only involved in extinction of aversive memories but also in
adaptation to aversive situations in general and/or in extinction of memories,
independently from their emotional value.” Despite this, the team concluded that its
“findings suggest that the endogenous cannabinoid system could represent a therapeutic
target for the treatment of diseases associated with inappropriate retention of aversive
memories or inadequate responses to aversive situations, such as posttraumatic stress
disorders®?, phobias, and certain forms of chronic pain."93

The above studies should provide sufficient support for marijuana’s efficacy in
treating PTSD. Furthermore, Dr. Sue Sisley’s research® found numerous anecdotal reports
from combat veterans and from other first responders, like policemen and firemen, '
discussing the value of cannabis in managing their PTSD symptoms.? Dr. Sisley also points
out that marijuana can treat PTSD’s host of symptoms by itself instead of having to
prescribe five or six synthetic drugs that each have different side effects.

Because of NIDA's obstruction to approved marijuana-related research, Dr. Sisley’s
anecdotal evidence and the studies summarized in this Part III provide the best direct
evidence addressing the issue at hand. Despite the legislature’s attempts to open the doors
to increased marijuana-related research at universities through SB 1443, NIDA's research
monopoly will continue to reign. Our research finds that marijuana can potentially treat the
symptoms and underlying causes of PTSD effectively; thus, ADHS should amend the AMMA
and add PTSD as a qualifying condition.

IV.  Listing PTSD as a Qualifying Condition under the AMMA Allows Sufferers the
Proper Freedom to Treat their Debilitating Conditions.

Ultimately, the word freedom properly captures the issue of whether the AMMA
should list PTSD as a debilitating condition. The many sufferers of PTSD that are veterans
spend swaths of their days needlessly reliving traumatic combat experiences endured

89 Id. (citing Falls, W. A, Miserendino, M. ]. & Pavis, M,, Extinction of Fear-Potentiated Startle: Blockade
by Infusion of an NMDA Antagonist into the Amygdala, 12 ], NrUROSCIL at 854~-863 (1992) and Ly, K, T, Walker,
D. L. & Davis, M. Mitogen-Activated Protein Kinase Cascade in the Basolateral Nucleus of Amygdala is Invelved in
Extinction of Fear-Potentiated Startle, |. NUgroscL. 21 RC162 (2601)),

% Id. (citing LeDousx, J. E, Emotion Circuits in the Brain, ANNU, REv. NEUROGL, 23, 155-184 (2000}).

91 Supra note 73.

92 Id. (citing Davis, M., Falls, W, A. & Gerwirtz, J. in Contemporary iIssues in Modeling Psychopathology
(eds. Myslobodsky, M. S. & Weiner, 1.} 113-141 {Kluwer Academic, Norwell, 2000).

s Id. {citing Pertwee, R. G,, Cannabineid Receptors and Pain, PROG. NEURORIOL. 63, 569-611 (2001).

% For study refer to Exhibit D.

95 http://www.maps.org/media/view/dr_sue_sisley_talks_about_medical_marijuana_ptsd_and_scientif
ic_freed.
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while fighting for our freedoms. These returning veterans do not, however, have the full
freedom to choose natural, effective remedies like marijuana instead of side-effect ridden
pharmaceutical drugs to treat their PTSD, Patient autonomy demands that our veterans
receive the freedom to choose how they will treat the wounds, both mental and physical, of
their fight abroad to preserve our freedom. Given the recent end to American involvement
in the War in Iraq and the growing number of troops returning home from Afghanistan
each day, there is no better time than now to add PTSD as a qualifying condition to the
AMMA.% The more ADHS delays, the more Arizonans with PTSD will endure
unconscionable, chronic pain and suffering. ADHS should make the right decision for
Arizonan PTSD sufferers by recommending to add PTSD as a qualifying condition to the
AMMA,

96 A recent VA study revealed that approximately 22 veterans are committing suicide per day as a result
of their inability to deal with the after-effects of a brutal war. Greg Jaffe, VA Study Finds More Veterans
Committing Suicide {January 31, 2013), available at http:/ fwww.washingtonpost.com/national/va-study-
finds-more-veterans-committing-suicide/2013/01/31/1092b330-5268-11e2-9fa9-
5fbdc9530eb3_story.htmi.
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Abstract

Rationale Previous studies demonstrated that pharmacolog-
ical blockade of CB1 cannabinoid receptors decreases the
extinction of conditioned fear and spatial memory in
rodents. However, the effects of CB1 cannabinoid receptor
activation in this response remain unclear.

Objectives To evaluate the effects of the cannabinoid
agonist WIN 55,212-2 (WiIN) and the cannabinoid antag-
onist SR 147778 (SR) on the extinction of contextual fear
memory in rats 24 h or 30 days after fear conditioning.
Methods For fear conditioning, rats were placed in the
conditioning chamber for 3 min and received a 1-s electric foot
shock (1.5 mA). Retrieval testing consisted of a 3-min exposure
to the conditioning chamber and extinction training consisted of
successive 9-min exposures at 24-h intervals. Rats were also
evaluated in the open field and water maze reversal task.
Results The administration of SR (1.0 mg/ke, i.p) and
WIN (0.25 mg/kg, i.p.) before extinction training disrupted
and facilitated, respectively, the extinction of 24 h contex-
tual fear memory. These effects were not related to any
disturbance in memory retrieval, unconditioned freezing
expression, or locomotor activity. WIN (0.25 mg/kg, i.p.)

Part of this stedy was presented at the [8th European Colicge of
Neuropsychopharmacology Congress, Amsterdam, The Netherltands,
22-26 October 2005, ‘

F. A. Pamplona - R. D. 8. Prediger - P. Pandolfo

R. N. Takahashi (2-0)

Departamento de Farmacotogia, Centro de Ciéncias Biologicas,
Universidade Federal de Santa Catarina,

Campus Universitdrio Trindade,

Floriandpolis, Santa Catarina 88049-900, Brazil

e-mail; takahashi@farntaco.ufse.br

also facilitated the extinction of 30-day-old contextual fear
metmory, while the prior administration of SR (0.2 mg/kg,
i.p.) antagonized this response. The facilitative effect of
WIN on memory extinction does not seem to be specific for
contextual fear memory because it was also observed in the
water maze reversal task,

Conclusions These results suggest cannabinoid receptor
agonists as potential drugs to treat anxiety disorders related
to the retrieval of aversive memories.

Keywords Fear conditioning - Spatial memery - Extinction -
Cannabinoid - WIN 55,212-2 - SR 147778

Introduction

The endocannabinoid system has become a major focus in
the search for novel therapies for many common mental
disorders (Makriyannis et al. 2005) because an increasing
amount of evidence suggests its important role in regulation
of emotional states and cognitive processes (Terranova et
al, 1996; Lichtman 2000; Marsicano et al. 2007; Takahashi
et al. 2005). The physiological importance of the endocan-
nabinoid system in emotional learning is supported by the
dense expression of the CB1 cannabinoid receptors and the
presence of endocannabinoids in brain regions known to be
important for anxiety and aversive learning, including the
amygdala and hippocampus (Herkenham et al. 1990; Di
Marzo et al. 2000). Behavioral studies also provide
compelling support for the involvement of the cannabinoid
system in leamning and memory processes. Cannabinoid
agonists often induce cognitive impaimments in rodents

@ Springer
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{Lichtman et al. 1995; Ferrari et al. 1999; Da Silva and
Takahashi 2002; Varvel and Lichtman 2002; Pamplona and
Takahashi 2006), whereas the antagonism of CB1 receptors
generally enhances rodent performance in many memory
tasks (Terranova ct al. 1996; Reibaud et al. 1999; Lichtman
2000; Takahashi et al. 2005).

Special interest was shown in cannabinoid modulation
of fear memories, as numerous similarities link the
expression of fear and anxiety in humans suffering, such
as phobias, posttraumatic stress disorder (PTSD), and
other anxicty disorders, to the expression of conditioned
fear in animals (Brewin and Holmes 2003). In fear
conditioning paradigms, a conditioned stimulus (such as a
contexf) is paired with an unconditioned stimulus (such as
foot shock). When placed back in the context, the animal
shows conditioned fear responses such as freezing. The
duration of nonreinforced rcexposures to the context is a
crucial determinant of subsequent memory processing: brief
reminders lead to reconsolidation, whereas longer
reminders result in memory extinction, which tends to
weaken the expression of the original memory (Suzuki et
al. 2004). After this, a recent study at our laboratory
demonstrated that the activation of CBI cannabinoid
receptors impairs the acquisition of contextual fear condi-
tioning in rats with no effect on retrieval at all (Pamplona
and Takahashi 2006). Furthermore, the endocannabinoids
anandamide and 2-arachidonoylglycerol are released in the
periaqueductal gray matter duting stressful situations
(Hohmann et al. 2005) and in the basolateral amygdala
during the extinction of fear memories (Marsicano et al.
2002). Consequently, the genetic deletion of CBI cannabi-
noid receptors results in a strong impairment of short-term
and long-term extinction of conditioned fear, which was
confirmed by the use of rimonabant, a selective CBl
cannabinoid receptor antagonist. The recent availability of
SR 147778 (SR), a newly developed antagonist with high
affinity and specificity for CB1 cannabinoid receptors
(Rinaldi-Carmona et al. 2004), leads to the possibility of
confirming and extending these previous findings observed
with rimonabant (Rinaldi-Carmona et al. 1995). Moreover,
in light of the fact that fear memories become increasingly
resistant to extinction with age (Suzuki et al. 2004), it
seems to be of interest o investigate whether the cannabi-
noid system may influence extinction of remote fear
memories as well.

Therefore, the main objective of the present study was to
examine whether the administration of the cannabinoid
agonist WIN 55,212-2 (WIN) could facilitate the extinction
of recent and/or remote contextual fear memory in rats.
Further, we investigated the role of the CBI1 cannabinoid
receptors in the extinction processes using the newly
developed sclective CB1 cannabinoid receptor antagonist
SR. The water maze reversal task was also used to

@ Springer

investigate whether the influence of the cannabinoid system
on memory extinction would generalize to extinction of
spatial memory in rats.

Materials and methods
Animals

Male adult Wistar rats (3 months old) bred and raised in the
animal facility of the Department of Pharmacology of
Universidade Federal de Santa Catarina (UFSC) were used.
The animals were kept in collective plastic cages (five to six
rats per cage) with food and water available ad fibitom. They
were maintained in a room under controlled temperature
(23#2°C) and a 12:12-h light/dark cycle (lights on at
7:00 AM.). Fach behavioral test was conducted during the
light phase of the cycle (between 8:00 Ax. and 5:00 rm.)
using independent experimental groups consisting of seven
to ten animals per group. All the experimental procedures
were performed according to the guidelines on animal care of
the UFSC Ethics Committee on the Use of Animals, which
foltlows the “principles of laboratory animal care™ from NIH,

Drugs and treatment

WIN [R-(H)-(2,3-dihydro-5-methyl-3-[ {4-morpholinyl} meth-
yl] pyrol [1,2,3-de-}-1,4-benzoxazin-6-y!)( 1 -naphthalenyl)
methanone mesylate] (Tocris, USA) and SR [5-(4-bromo-
phenyl)-1-(2,4-dichlorophenyl)-4-ethyl-N-(1-piperidinyl)-
1 H-pyrazole-3-carboxamide] (Sanofi-Aventis, France) were
dissotved in 0.9% NaCl (saline) with 10% dimethylsulfoxide
pius 0.1% Tween 80. The control solition consisted of a
drug vehicle. All drug doses, selected according to previous
literature (Lichtman et al. 1995; Chhatwal et al. 2005;
Tuakahashi et al. 2005; Pamplona and Takahashi 2006), were
administered intraperitoneally in a volume of 0.2 m{/100 g of
body weight. WIN and SR were administered 30 and
20 min, respectively, before behavioral test, except in
experiment 3 in which SR was administered 20 min
before WIN.

Behavioral procedures
Fear conditioning

The conditioning chamber consisted of a modified shuttle box
(Automatic Reflex Conditioner model 7531, Ugo Basile,
Italy) made of gray opaque Plexiglas. One of the compart-
ments (22x22x25 em) of the chamber was used for tone and
contextual fear conditioning. Contextual conditioning tests
were conducted in the chamber and tone conditioning tests
were conducted in a different context, consisting of a
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transparent glass cage (30%30%30 cm). The experiments were
carried out in a sound-attenuated room under low intensity
light (10 1x) and a microvideo camera was mounted at the top
of the chamber, allowing the experimenter to observe the rats
on a monitor placed in an adjacent room, Tone and contextual
fear conditioning were performed with modifications from a
procedure previously described by Corodimas et al. (2000).
For contextual fear conditioning, rats were placed in the
conditioning chamber for 3 min and received a L-s electric
foot shock (1.5 mA), after which they were kept for an
additional minute in the chamber before being returned fo
their home cages. For tone fear conditioning, the rats were
placed in the conditioning chamber, and after 3 min a sound
(1,000 Hz, 80 dB) was presented for 10 s that coterminated
with a 1-5 electric foot shock (1.5 mA). The rats were kept for
an additional minute in the chamber before being refurned to
their home cages. Independent groups of animals were used in
each experiment. Freezing, defined as a stereotyped crouching
position with complete immobility of the animal, except for
the movements necessary for breathing, was used as a
memory index during the subsequent nonreinforced reexpo-
sures to the context or tone {Blanchard and Blanchard 1969;
Fanselow 1980). Freezing time was recorded with stop-
watches by an experienced observer who was blind to the
conditions of the treatment. The same observer recorded
freezing in all the cxperiments to avoid individual varia-
bilities and obtain more reliable results.

Experiment 1: effects of cannabinoid receptor ligands on
extinction of recent contextual fear mentory Successive
long exposures to the conditioning chamber were used to test
the effects of cannabinoids on short-term (within-exposure)
and long-term (between-exposure) extinction of conditioned
fear., For this, 24 h after contexiual fear conditioning, the
animals were exposed to the conditioning chamber for % min
and the freezing behavior was evaluated. This extinction
procedure was executed three times at 24-h intervals to
give an index of long-term extinction of conditioned
freezing. Moreover, the percentage of fieezing during the
first extinction session was used to investigate any possible
within-session effects of drug treatment (Quirk et al. 2000;
Marsicano et al. 2002; Fernandez-Espejo 2003). The
animals were treated with WIN (0.25, 1.25, or 2.50 mg/kg,
ip., SR (0.2, 1.0, or 2.0 mg/kg, ip.} or control solution
before each extinction session.

Experiment 2: effects of cannabinoid receptor ligands on
retrieval of contextual fear memory Contrasting with the
extinction procedure, a single short exposure to the
conditioning chamber was used to test the effect of
cannabinoids on retrieval of conditioned fear with minimal
interference of within-session extinction (McKay et al,
2002). For this, 24 h after contextual fear conditioning, the

animals were exposed for 3 min to the conditioning
chamber and the freezing behavior was evaluated (Sorg et
al. 2004). The animals were freated with WIN (0.25, 1.25, or
2.50 mg/kg, i.p.), SR (0.2, 1.0, or 2.0 mg/kg, i.p.), or control
solution before being reexposed fo the conditioning chamber.

Experiment 3: effects of the cannabinoid agonist WIN on
extinetion of remote contextual fear memory Thirty days
after being simultaneously subjected to tone and contextual
fear conditioning, the animals were exposed to the condition-
ing chamber for 9 min for freezing evaluation. Because
aversive memories become increasingly resistant to distuption
with age (Suzuki et al. 2004), this extinction procedure was
executed five times at 24-h intervals. To investigate whether
the effects of WIN on extinction of contextual fear memory
in rats were related to the activation of CB1 cannabinoid
receptors, the animals were treated with SR (0.2 mg/kg, i.p.)
or control solution (i.p.), and 20 min later they were injected
with WIN (0.25 mg/kg, i.p.) or control solution (i.p.) 30 min
before each extinction session. Also, to investigate whether
the WIN effects were selective to the memory that was
extinguished, 24 and 48 h afier the end of the extinction
protocol (fifth day), the rats were tested in a drug-free state
for retrieval of the tone and contextual fear conditioning,
respectively. For retrieval of tone fear conditioning, they
were placed in a different context (transparent aerylic cage,
30x30x30 cm) and three 1-min sound presentations were
made with 1-min intervals. Twenty-four hours after, the rats
wete exposed to the conditioning chamber for 3 min for
retrieval of the contextual fear conditioning. Freezing
behavior was evaluated during each test.

Unconditioned freezing behavior

Experiment 4: effects of cannabinoid receptor ligands on
the expression of unconditioned fireezing behavior Rats
were placed in the conditioning chamber for 3 min and after
this period they received a 1-s electric foot shock (1.5 mA),
after which they were kept for one additional minute in the
chamber before being returned to their home cages.
Twenty-four hours after, they were treated with WIN
0.25, 1.25, or 2,50 mg/kg, ip.), SR (0.2, 1.0, or 2.0 mg/kg,
i.p.), or control solution and exposed for 3 min to a new
context (transparent glass cage, 30%30x30 cm) for evaluation
of unconditioned freezing behavior.

Open field
The open field apparatus was made of white painted wood

with a white 100x100 cm floor (divided into 25 squares of
20x20 cm) and 40-cm-high white walls.
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Experiment 5: effects of cannabinoid receptor ligands on
locomotor activity Rats were injected with WIN {0.25,
1.25, or 2.50 mg/kg, i.p.), SR (0.2, 1.0, or 2.0 mg/kg, ip.),
or control solution and placed in the center of the open field
for 3 min of free exploration, The number of squares
crossed was registered and used as an index of locomotor
activity.

Water maze reversal task

To test whether the effects of the activation and blockade of
CB1 cannabinoid receptors on extinction of contextual fear
memory conld be generalized to another hippocampus-
dependent task with different sensory, motivational, and
performance demands, the rats were tested in the water
maze reversal task previously described by Varvel and
Lichtman (2002). The water maze consisted of a circular
swimming pool made of black painted fiberglass (inside
diameter 1.70 m and 0.8 m high, filted to a depth of 0.6 m
with water maintained at 25°C). The target platform
(10x10 cm) was made of transparent Plexiglas and was
submerged 1-1.5 cm beneath the surface of the water.
Starting points for the animals were marked on the outside
of the maze as north (N), south (8), east (E), and west (W).
The platform was located in the center of the northeast
quadrant at a point 35 cm from the wall of the maze. Four
distant visual cues (55%55 cm) were placed on the walls of
the experimental room to allow spatial orientation by the
animals.

Experiment 6: effects of cannabinoid receptor ligands on
extinction of spatial memory in rats Rats were assigned to
two fraining sessions separated by an interval of 24 h,
each of which consisted of six consecutive trials with the
platform remaining in the fixed position. The animals
were left in one of the aforementioned starting points
facing the wall of the maze and were allowed to swim
freely to the platform. If an animal did not find the
platform during a period of 60 s, it was gently guided to
the platform’s location and allowed to remain for 10 s on
it before being removed from the water maze for 20 s and
subsequently placed at the next starting point. Twenty-four
hours after the second training session, rats received WIN
(0.25 mg/kg, i.p.), SR (1.0 mg/kg, i.p.), or control solution
(i.p.) and were subjected fo a reversal task in which the
platform was moved to the opposite side of the tank
(center of the southwest quadrant). The starting points and
the intertrial intervals were identical to those of the
training sessions. The time the animals spent reaching
the platform (escape latency) was used as the leaming/
memory index in both the training sessions and the
reversal task.
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Data analysis

The statistical comparison of results was carried out using
one-way ANOVA with treatment as the independent factor
or two-way ANOVA with treatment and trials (repeated
measure) as independent factors. After significant
ANOVAs, differences between groups were evaluated by
post hoc Duncan’s test. The accepted level of significance
for the tests was p<0.05. All statistical analyses were
performed using the Statistica® 6.0 software package
(StatSoft, USA).

Resulés

Experiment 1: effects of cannabinoid receptor ligands on
extinction of recent contexiual fear memory The effects of
SR (0.2, 1.0, or 2,0 mg/kg, i.p.) on extinction of contextual
fear memory evaluated 24 h after fear conditioning are
given in Fig. 1a. Two-way ANOVA revealed a significant
effect for treatment [F(3,26)=5.18, p<0.01] and trials
[F(2,52)=11.67, p<0.0001}, but no treatment X trial inter-
action. Post hoc comparisons indicated that the extinction
protocol of 3 days significantly decreased the freezing time
across successive reexposures of the control group to the
conditioning chamber (p<0.05, second and third trials
compared to the first). The intermediate dose of SR
(1.0 mg/kg, i.p.) disrupted the extinction of contextuat fear
memory as indicated by an increased freezing time compared
to the control group (p=0.05).

The effects of WIN (0.25, 1.25, or 2.50 mg/kg, i.p.) on
extinction of contextual fear memory, evaluated 24 h after
fear conditioning, are given in Fig. 1b. Two-way ANOVA
revealed a significant effects for treatment [F(3,29)=6.84,
p<0.001] and trials [F(2,58)=17.31, p<0.00001], but no
treatment x trial interaction. Post hoc comparisons indicated
that the control group presented a partial extinction of
contextual fear conditioning after three reexposures to the
conditioning chamber (p<0.05, third compared to the first
exposure). The administration of WIN promoted a dose-
dependent effect on the extinction process. The group
treated with the lowest dose of WIN (0.25 mg/ke, ip.)
exhibited a decreased freezing time during the first 9-min
exposure compared to the control group (p<0.05) and it
underwent parfial extinction on the third trial (p<0.05,
compared to the first), suggesting a facilitative effect of this
dose in the extinction of contextual fear conditioning. In
contrast, the higher dose of WIN (2,50 mg/keg, ip.)
disrupted the extinction of conditioned fear as evidenced
by the lack of reduction in the freezing time across the trials
and an increased freezing time compared to the group
treated with the lowest dose of WIN (0.25 mg/kg, i.p.). The
intermediate dose of WIN (1.25 mg/ke, ip.) exhibited a
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Fig. 1 Effects of the selective CBI cannabinoid receptor antagonist
SR (0.2, 1.0 or 2.0 mg/kg, i.p.) and cannabinoid agonist WIN (0.25,
1.25, or 2.50 mg/kg, i.p.) on the extinction of recent contextual fear
mentory in rats. Data are expressed as meantSEM of the time spent
freezing expressed by SR-treated rats () and WIN-treated rats {b)
during three 9-min exposures to the conditioning chamber with
24-h intervals (each bar represents the data of one session). Asterisk:
p<0.05 compared to the first session of the comesponding group.
Number sign: p<0.05 compared to the control group during the
corresponding session. Plus sign: p<0.05 compared to the group
treated with the lowest dose of WIN (0.25 mg/kg, i.p.) during the
comesponding session {Duncan’s post hoc test). (Control n=8, SR 0.2
n=7, SR 1.0 n=8, and SR 2.0 #=7} (Conirol n=9, WIN 0.25 »=7, WIN
1.25 =7, and WIN 2.5 n=10}

c 0.256

profile of extinction similar to that of the control group. As
reduction of freezing time in the group treated with WIN
(0.25 mg/kg, ip.) might suggest that WIN affected the
retrieval of memory and not its extinction, the results of the
first extinction session (9 min) were reanalyzed in 3-min
bins. Further analysis of freezing levels showed no
significant difference during the first 3-min bin [F(3,29)=
2.57, p=0.07], but a marked treatment effect was noted in
the second [F(3,29)=8.1, p=0.0004] and third [F(3, 29)=
6.06, p=0.002] 3-min bins. Post hoc comparisons revealed
that WIN (0.25 mg/kg, ip.) did not influence memory
retrieval (first 3 min), but facilitated short-term extinction,
reducing the freezing time in the second and third 3-min

bins compared to the control group (p<0.05 for both). This
result was confirmed in experiment 2.

Experiment 2: effects of cannabinoid receptor ligands on
retrieval of contextual fear memory The effects of SR (0.2,
1.0, or 2.0 mg/kg, i.p.) and WIN (0.25, 1.25, 2.5 mg/kg, i.p.)
on the retrieval of contextual fear memory are given in
subpanels a and b in Fig. 2, respectively. One-way ANOVA
of the results of each experiment revealed a nonsignificant
effect for treatment with SR [F(3,32)=0.38, p=0.77] or WIN
(F(3,28)=1.56, p=0.22].

Experiment 3: effects of the cannabinoid agonist WIN on
extinction of remote contextual fear memory The effects of
WIN (0.25 mg/kg, i.p.) on extinction of 30-day-old
contextual fear memory in rats are given in Fig. 3. Two-
way ANOVA revealed a significant effect for freatment
[F(2,29)-13.62, p<0.0001] and trials [F(4,116)=18.02,
p<0.00001], but no treatment x trial interaction. Post hoc
comparisons indicated that the administration of WIN
(0.25 mg/kg, i.p.) significantly decreased the freezing time
compared to the control group (p<0.05), suggesting a
facilitative effect of WIN on the cxtinction of remote
contextual fear memory. Moreover, a per se ineffective dose
of SR (0.2 mg/kg, ip.) antagonized the effect of WIN
(0.25 mg/kg, i.p.) (p<0.05), suggesting that it was related to
the activation of the CB1 cannabinoid receptors.

As illustrated in Fig. 3b, to investigate whether the WIN
effects were selective toward the memory that was
extinguished, 24 and 48 h afler the end of the extinction
protocol (fifth day), the rats were tested in a drug-free state
for retrieval of the tone and context fear conditioning. One-
way ANOVA revealed no significant treatment effect on the
freezing time during tone presentation [F(2,29)=0.71,
p=0.50}, demonstrating that the tone-shock association
was unaffected by the extinction of contextual fear memory
(Fig. 3b). However, one-way ANOVA revealed significant
treatment effect on the freezing time during reexposure to
the context [F(2,29)=4.48, p<0.005}. Indeed, 48 h afler the
end of the fifth extinction session, the control group
continued to express pronounced freezing behavior when
reexposed to the conditioning chamber, whereas the time
spent freezing by drug-free rats previously given WIN was
significantly shortened (p<0.05) (Fig. 3b). This latter effect
was antagonized by SR (0.2 mg/kg, i.p.), emphasizing the
involvement of CBI cannabinoid receptors on the facilita-
tive effects of WIN on extinction of remote contextual fear
memory (Fig. 3b).

Experiment 4: effects of cannabinoid receptor ligands on
the expression of unconditioned freezing behavior The
effects of WIN (0.25, 1,25, or 2.5 mg/kg, i.p.} or SR (0.2,
1.0, or 2.0 mg/kg, i.p.) on the expression of unconditioned
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Fig. 2 Effects of the selective CB1 cannabineid receptor antagonist
SR (0.2, 1.9, or 2.0 mg/kg, i.p.) and cannabinoid agonist WIN (0.25,
1.25, or 2.50 mg/kg, ip.) on the retrieval of recent contextual fear
memory in rats. Data are expressed as meantSEM of the time spent
freezing expressed by SR-treated rats () and WIN-treated rats (b)
during a 3-min exposure to the conditioning chamber. (Controt #=9,
SR 0.2 #=8, SR 1.0 #=10, and SR 2.0 #=9) (Control #n=1), WIN 0.25
#=7, WIN 1.25 =7, and WIN 2.5 n=8)

freezing behavior in rats are summarized in Table 1. One-
way ANOVA revealed no significant effect for treatment on
the time of unconditioned freezing [F(6,52)=1.02, p=0.42].

Experiment 5: effects of cannabinoid receptor ligands on
facomotor activity The effects of WIN (0.25, 1.25, or
2.5 mg/kg, i.p.) or SR (0.2, 1.0, or 2.0 mg/kg, i.p.) on the
locomotor activity of rats in the open ficld test are
summarized in Table |. One-way ANOVA revealed no
significant effect for treatment on the number of squares
crossed [£(6,49y=1.81, p=0.12].

Experiment 6: effects of cannabinoid veceplor ligands on
extinction of spatial memory in rats The effects of WIN
(0.25 mg/kg, i.p.) or SR (1.0 mgrkg, i.p.) on rats subjected
to the water maze reversal task are illustrated in Fig. 4,
Two-way ANOVA revealed a significant effect of trials on
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Tig. 3 Effects of the cannabinoid agonist WIN (0.25 mg/kg, i.p.) and
pretreatment with the selective CB! cannabinoid receptor antagonist
SR (6.2 mg/kg, i.p.) on extinction of retote contextual fear memory
in rats. The animals received one injection of SR or control solution
(c) foilowed by one injection of WIN or control solution before each
extinction session. a MeantSEM of the time spent freezing expressed
by the animals during five 9-min exposurcs fo the conditioning
chamber with 24-h intervals (each bar represents the data of one
session). b {Leff) Mean+SEM of the time spent freezing during a
3-min drug-frec fone presentation, 24 h after the extinction of
contextual fear conditioning; (righf) meantSEM of the time spent
freezing during a 3-min drug-free exposure to the conditioning
chamber, 48 h after the extinction of contextual fear conditioning.

© Asterisk: p<0.05 compared to the first session of the comesponding

group. Number sign: p<0.05 compared to the C/C group during the
corresponding session. Plus sigm: p<0.05 compared to the C/WIN
group during the corresponding session {Duncan’s post hoc test). (C/C
n=9, C/WIN n=12, and SRAWIN n=11)

escape latency during the two training sessions [day 1
F(5,105)=24.63, p<0.00001; day 2 F(5,105)=9.45,
p<0,00001] with no difference between groups (Fig. 4a).
Two-way ANOVA for the data of the reversal task revealed
a significant effect for trials {#(5,105)=17.16, p<0.00001]
and treatment X frial interaction [F(10,105)=2.61, p<0.005].
Post hoc comparisons indicated that WIN-treated (0.25 mg/kg,
i.p.) animals showed decreased escape latencies in the first
trial of the water maze reversal task, whereas SR-treated
(1.0 mg/kg, i.p.) animals showed increased escapc latencies
in the second trial of the water maze reversal task compared
to the control group (<0.05) {Fig. 4b).
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Tahle 1 Effects of WIN (0.25, 1.25, or 2.5 mp/kg, i.p.) and SR (6.2,
1.0, or 2.0 mg/kg, i.p.) on unconditioned freezing and open field
behavior

Treatment  Unconditioned  Number No. of Number

{mg/kg) freezing (s) of squares of
samples crossed samples

Control 319+£59 i1 6346 13

SR 0.2 36.71104 8 7014 7

SR 1O 41.1+8.4 8 6914 7

SR 2.0 25,5450 8 7419 7

WIN 0.25 356481 8 5843 7

WIN 125 18.0£7.t 8 59+4 7

WIN 2.5 23,7103 8 50+6 8

Discussion

The present findings confirm and extend those of previous
studies demonstrating that the disruption of CB1 cannabi-
noid receptor signaling decreases the extinction of condi-
tioned fear in rodents, More importantly, our results suggest
that the extinction of contextual fear memory in rats may be
facilitated by the cannabinoid agonist WIN, and that this
response was antagonized by the new selective CBl
cannabinoid receptor antagonist SR. Furthermore, the
present facilitative effects of WIN on memory extinction
in rats cannot be attributed fo alterations in memory
retrieval or sensorimotor deficits and does not secem to be
specific for conditioned fear memory because it was also
observed for spatial memory.

In the present study, we present evidence that the
administration of the new selective CB! cannabinoid
receptor antagonist SR (1.0-2.0 mg/kg, i.p.) disrupts the
extinction of contextual fear memory in rats evaluated 24 h
after fear conditioning. Our findings are in accordance with
those of recent studies showing that CB1 knockout mice
and mice and rats trcated with the selective CBI cannabi-
noid receptor antagonist timonabant exhibit a pronounced
deficit in the extinction of conditioned fear (Marsicano ¢t
al. 2002; Suzuki et al. 2004; Chhatwal et al. 2005).
Furthermore, the present results demonstrate that a low
dose of the cannabinoid agonist WIN (0.25 mg/kg, i.p.)
may facilitate the extinetion of conditioned fear in rats, This
last finding extends to fear memory the previous results of
Parker et al. (2004), showing that fow doses of A°-
tetrahydrocannabinot and cannabidiol promote extinction of
conditioned place preference in rats. It is interesting to note
that we failed to show any enhancement of memory
extinction using higher doses of WIN (1.25-2.5 mg/kg,
i.p). Accordingly, WIN (5.0 mg/kg, i.p.) did not facilitate the
extinction of fear-potentiated startle (Chhatwal et al. 20035},
A potential discrepancy in the present study is the notion
that rats treated with WIN (0.25 mg/kg, ip) and showing
reduced freezing during the first extinction session might

a Day 1 Day 2
-—-60_
]
&
> 45
[*]
[ =
8 30
iy
8 154
1 2 3 4 5 61 2 3 4 5 &
b Training trials Training trials
Day 3
‘8‘60' ~o— Control
8 —o— WIN 0.25
.;45_ ~a— SR 1.0
13
=
2 30
i)
845
8
)

1] 1 ] ]
2 3 4 &
Reversal Task trials
Fig. 4 Effects of the selective CB1 cannabinoid receptor antagonist
SR (1.0 mg/kg, i.p.) and cannabinoid agonist WIN (0.25 mg/kg, i.p.)
on the performance of rats in the wafer maze reversal task. a The
animals were trained to find a submerged platform in a fixed position
during six irials on two consecutive days. b One day later, they
received drug treatment and were tested in the reversal task in which
the platform location was changed to the opposite quadrant of the
water maze. Fach poin/ represents the meantSEM of the escape
latency (s} to reach the platform location. Number sign: p<0.05
compared to the control group during the corresponding trial

(Duncan’s post hoc test). (Controt n=8, WIN n=8, and SR »=8)

o

1

have experienced some kind of impairment in fear memoty
retrieval. However, in keeping with the present resuits and
previous reports {Lichtman 2000; Da Silva and Takahashi
2002; Marsicano et al. 2002; Varvel and Lichtman 2002;
Chhatwal et al, 2005; Varvel et al. 2005; Pamplona and
Takahashi 2006), neither WIN nor SR modified the
performance in memory retricval tasks, suggesting that
the present effects of pharmacological manipulations of
the cannabinoid system are specific for memory extinction.
It could also be speculated that the present results may reflect
some combination of sensorimotor deficits induced by drug
treatmient, rather than the facititation of memory extinction.
However, freczing behavior can hardly account for the
present results because neither SR nor WIN altered the
number of squares crossed in the open field test or
the amount of unconditioned freezing expressed by rats,
The effects of the cannabinoid system on the extinction
of remote aversive memories in rats were also investigated,
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As previously reported by Suzuki et al. (2004), the age of a
specific memory is strongly determinant of the ease of its
disruption. Corroborating a previous study (Suzuki et al,
2004), the remote contextual fear memory (30 days) was
harder to extinguish than a recent one (24 h) because it
required a protocol of five extinction sessions to exhibit a
partial extinction. Nevertheless, the cannabinoid agonist
WIN (0.25 mg/kg, i.p.) also facilitated the extinction of
remote aversive memories through the activation of CB1
cannabinoid receptors. Furthermore, the effect of WIN was
selective for the memories, which were extinguished and
had long-lasting consequences, which clearly emphasizes
the long-term facilitative effects of WIN on extinction of
conditioned fear.

In addition, our findings also suggest that the endocan-
nabinoid system modulates the extinction of spatial
memory in rats evaluated in the water maze because the
administration of SR (1.0 mg/kg, i.p.) and WIN (0.25 mg/kg,
ip.) transiently disrupted and improved, respectively, the
performance of rats in the water maze reversal task. It must
be conceded that the Wistar rats employed have poor visual
capabilitics, which may partially compromise these resuits.
Nevertheless, our results are in accordance with those of
earlier studies that demonstrate deficits in the extinction of
previously leamed spatial information in mice as a conse-
quence of CB1 cannabinoid receptor deletion or blockade
(Varvel and Lichtman 2002; Varvel et al. 2005),

In conclusion, the present results reinforce those of
previous studies demonshating that the disruption of CB1
cannabinoid receptor signaling impairs the extinction of
both conditioned fear and spatial memory in rodents. More
importantly, our results suggest that the extinction of
contextual fear memory and spatial memory in rats may
be facilitated by the cannabinoid agonist WIN with long-
lasting effects, Because it was demonstrated that a drug that
facilitates extinction of conditioned fear in laboratory
animals may alse be utilized with success in humans
(Walker et al. 2002; Ressler et al. 2004), pharmacotherapies
directed at the endocannabinoid system may represent a
viable approach to the freatrent of a variety of psychiatric
disorders related to the retrieval of fear memories, including
panic, phobias, and PTSD.
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PO Box 19600
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Re: Request to Add a Debilitating Medical Condition or Treatment — Post Traumatic Stress Disorder
(“PTSD”) — Submitted by the Arizona Cannabis Nurses Association (“AZ CNA”)

Dear Director Humble:

On behalf of the Arizona Cannabis Nurses Association, we respectfully request that the Arizona Department
Health Services consider and approve the enclosed Application and specified supporting materials submitted
herewith in order to add a debilitating medical condition — PTSD — to the list of debilitating medical conditions
for the Arizona Medical Marijuana Program.

Please find enclosed the following:

e A Request to List Post-Traumatic Stress Disorder (PTSD) as a Qualifying Condition under the Arizona
Medical Marijuana Act (AMMA)

¢ A description of the symptoms and other physiological effects experienced by an individual suffering
from PTSD or a treatment of PTSD that may impair the ability of the individual to accomplish activities
of daily living;

e The availability of conventional medical treatments to provide therapeutic or palliative benefits for
PTSD or a treatment of the PTSD,;

e A summary of the evidence that the use of marijuana will provide therapeutic or palliative benefits for
PTSD or a treatment of PTSD; and

e Exhibits A-G, including articles, published in peer-reviewed, scientific journals reporting the results of
research concerning marijuana’s effects on or treatment of PTSD, and supporting why PTSD should be
added to the list of medical conditions approved for treatment through marijuana use.

phone: 505.716.6016 | email: cannabisnurseheather@gmail.com | 5505 East Paseo Cimarron, Tucson, AZ 85750




A favorable ruling on the issue of PTSD is of particular concern to our returning war
heroes — veterans of the Iraq and Afghanistan wars. While they courageously fought for
the freedom of others, these returning veterans do not, however, have the full freedom to
choose natural, effective remedies like medical cannabis instead of side-effect ridden
pharmaceutical drugs to treat their PTSD.

The VA has reported that suicides among the active and retired military are at an all-time
high. Nearly, one (1) suicide per day for active members, and twenty-two (22) per day for
other veterans, (Greg Jaffe, VA Study Finds More Veterans Committing Suicide
(January 31, 2013).

One study recently estimated that nearly a third of those returning from combat in Iraq
and Afghanistan have symptoms of PTSD.

Three states have recently ratified or approved medical marijuana as a PTSD related
debilitating condition. New Mexico recently decided that PTSD would remain a
qualifying condition under its medical marijuana program. Oregon and Maine, even more
recently approved PTSD as a qualifying condition under their medical marijuana
programs,

In my career as a registered psychiatric nurse from New Mexico, 1 have cared for many
veterans who successfully use medical cannabis to assist with the atray of symptoms
associated with PTSD and other combat related injuries. Time and time again, PTSD
patients who use cannabis prove to have an increased quality of life and reduced need for
pharmaceutical medications. Most importantly, by including PTSD to the list of
qualifying conditions, Veterans have the freedom to choose the medication that works
best for them. As an RN, I have scen repeated cases and clinical evidence proving
cannabis to be a gentle plant medicine that provides great benefit with minimal adverse
effects. Our Veterans fought for the freedoms we enjoy. Let’s show our support by
allowing them the right to choose effective medicine that increases their personal health
and well-being.

ADHS should follow the example of the other states who recognize PTSD as a legitimate
debilitating condition which is treated effectively and compassionately with medical
cannabis. We should allow nothing less for the returning war heroes and veterans who
reside in Arizona.

Thank you in advance for your careful consideration. Should you have any questions,
comments or concerns, please do not hesitate to contact me.
Sincerely,

Heather Manus, R.N.
President, Arizona Cannabis Nurses Association
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STUDY

The Role of Cannabinoids in Modulating
Emotional and Non-emotional Memory
Processes in the Hippocampus
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The role of cannabinoids in modulating emotional and non-emotional
memory processes in the hippocampus

[T .
R AN A

Cannabinoid agonists generally have a disruptive effect on memory, learning, and operant behavior that is considered to be
hippocampus-dependent. Nevertheless, under certain conditions, cannabinoid receptor activation may facilitate neuronal learning
processes. For examnple, CB receptors are essential for the extinction of conditioned fear associations, indicating an important role

for this receptor in newronal emotional learning and memory. This review examines the diverse effects of cannabinoids on
hippecampal memory and plasticity. It shows how the effects of cannabinoid receptor activation may vary depending on the route of
administration, the nature of the task (aversive or not), and whether it involves emotional memory formation (e.g., conditioned fear
and extinction learning) or non-emotional memory formation (e.g., spatial learning). It also examines the memory stage under
investigation (acquisition, consolidation, retrieval, extinction), and the brain areas involved, Differences between the effects of
exogenous and endogenous agonists are also discussed. The apparently biphasic effects of cannabinoids on anxiety is noted as this
implies that the effects of cannabinoid receptor agonists on hippecampal learning and memory may be attributable to a general
modulation of anxiety or stress levels and not to memory per se. The review concludes that cannabinoids have diverse effects on
hippocampal memory and plasticity that cannot be categorized simply into an itnpairing or an enhancing effect. A better
understanding of the involvement of cannabinoids in memory processes will help determine whether the benefits of the clinical use
of cannabinoids outweigh the risks of possible memory impairments.

Introduction

Considerable evidence suggests that cannabinoids impair hippocampai-dependent learning and memory processes, such as spatial
learning and context-related memory tasks (ol voag Wedel ot P ion o) Inthis review, 1 will provide evidence that
suggests that the effects of cannabinoids on memory and plasticity are complex and depend on several factors, such as the nature of
the task (emotional or non-emotional), the memory stage investigated (acquisition, retrieval, and extinction), and the experimental
modet used. Naturally, the behavioral effects of canmabinoids on memory may vary as a function of dose, route of administration,
and the specific drug used.

Cannabinoid Receptors in the Hippocampus

Cannabis has a Iong history of consumption both for recreational and medicinal uses. The main psychoactive constituent of
marijuana, delta-9-tetrahydrocannabinol (THC), was identified in 1964 (5o ool siochoaeian con ) and this discovery led to the
identification of the endogenous endocannabinoid (eCB) system, This system includes cannabinoid receptors (CB, and CB,), eCBs
{anandamide and 2-arachidonoyl-glycerol {2-AG)], enzymes involved in their synthesis and metabolism [fatty acid amide hydrolase
(FAAH) for anandamide and the monoacylglycerol lipase (MAGL) for 2-AG], and an eCB transporter (13 i i ol foereg Do -
S e dbechonlane ), Recent eDNA cloning of the key enzymes such as N-acylphosphatidylethanolamine-
hydrolyzing phospholipase D (NAPE-PLD) and diacylglycerol lipase (DAGL) accelerated molecular biclogical studies on the eCB
biosyntheses (15w o1 ab o g it o 101 1). eCBs are synthesized “on demand” at the post-synaptic sites of neurons
after an increase in neural activity and calcium ion influx, and are then released into the synaptic cleft. Their main fuaction appears
to be the suppression of neurotransmitter release from the presynapse. Thus, eCBs act as retrograde neurotransmitters, modulating

1 i i;
pester o

other neurotransmitter systems.
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CB, and CB, are metabotropic receptors coupled to G-proteins of the Gi/o type. CB, receptors are localized mainly in the central
nervous system, but are also present in a variety of peripheral tissues; they are among the most abundant and widely distributed G-
protein coupled receptors in the brain. CB, receptors are expressed in multiple brain areas, including the olfactory bulb, neocortex,
pyriform cortex, hippocampus, amygdala, basal ganglia, thalamic and hypothalamic nuclei, cerebellar cortex, and brainstem nuclei
Ghoviooadonn oo ol tny g st b e ), CBy receptors are mostly peripherally located on immunological tissues, but
they have also been found within the central nervous system on neurons and glial eells with their expression mainly related to
conditions of inflammation (1 ii - 0 sl iy Debt sl ad e fes e ). More recent immunohistochemical analyses

5

have revealed the presence of CB,, receptors in apparently neuronal and glial processes in diverse rat brain areas, including the
cerebellum and hippocampus (5 ol i sl g Ui 2l o),
In the hippocampus, CB, receptors are expressed at an especially high density in the dentate gyrus, CA1, and CA3 regions

G tesbona o sl ey g dEabeande b b gnag ol :1+), CB, receptors are predominantly lacalized on the axon

Sy

:}; however,

terminals and preterminal segments of cholecystokinin (CCK)-expressing GABAergic interneurons v
they have also been demonstrated to inhibit glutamatergic transmission in cultured hippocampal eells (e oo b ot), CBy

receptors located on GABAergic axon terminals are activated by lower concentrations of cannabinoid receptor agonists than CB,
receptors located on glutamatergic terminals (5o Dh b J ooy fioibeon o1 ab o6 ) and CB, receptor expression is

significantly lower on glutamatergic terminals than on GABA axon terminals in the hippocampus (60 of
wiaond), Specifieally, activation of hippocampal CB, receptors decreases GABA release (onto ot b toug thabes o b ey

ladion e Lot ooy latiopoiod 4 o), The CBy-containing GABergic interneurons are thought to control oscillatory

electrical activity in the hippocampus in the theta and gamma frequencies, which plays a role in synchronizing pyramidal cell activity

(Sé'uz-!i-w".m ned Dapies -'u!ii:‘x),

Overall, the evidence favors a predominant role for GABAergic pathways in the effects of cannabinoids on hippocampal-dependent
Memory processes.

Cannabinoid Agonists Impair Hippocampal-Dependent Learning and Memory

In hurnans, non-human primates, and rodents, cannabinoids impair the performance of a wide variety of memory tasks that share

the common feature of requiring the hippocampus for normal performanee (il sy D ol e el ond e
+11¢::)). In laboratory rodents, activation of cannabinoid receptors via THC or synthetic analogues such as WIN 55,212-2, CP55940,
HU-210 or the endogenous agonist anandamide impairs learning (i ob o). Administration of THC disrupts
hippocampal-dependent learned behavior in operant and spatial maze models of memory (i o Pl

ISR TR FIRSTHTFI N EI IEE § B Posedbin and Sheanirhbeiecieen re g Mkl e Beasios vt e it ot ol by et ol A v
For example, systemic THC administration (2--6 mg/kg i.p.) impairs working memory tested in the radial-avm spatial task and the
cannabinoid antagonist SR141716A {(1—10 mg/kg) prevents these deficits in a dose-dependent manmer (it st e o D

Similarly, THC (8 mg/kg) impairs the acquisition of spatial learning in the water maze and the performance of mice in a working
memory task, while conselidation and retrieval of a previously learned task are not affected. Pre-treatment with the antagonist SR
141716A (1 mg/kg i.p.) prevents these learning deficits {111+ 10 obefe o). Additionally, systemic administration of THC or
the synthetic cannabinoid receptoy agonist WIN 55,212-2 reliably impairs performance in delayed-match-to-sample and delayed-
non-match-to-sample tasks, and this is accompanied by decreases in hippocampal cell firing during the sample phases of the task

( S N N T R R A Phenbers b i ""“"T')-

Overall, the literature discussed above suggests that activation of cannabinoid receptors impairs learning. However, since the
agonists were systemically infused, most of these experiments do not specifically show that cannabinoids impair learning and
memory via action on the hippocampus. Rather, the involvement of the hippocampus is assumed because it is an important tavget
for systemically administered cannabinoids and because most of the paradigms described are spatial tasks known to be
hippocampus-dependent.

Move vecent research has directly tested whether specific administ ration of cannabinoids into the hippocampus would have similar
effects (summarized in Table ), Intrahippocampal infusions of the agonists CP55940, THC, or WIN 55,212-2 were found to disrupt
performance in the radial-arm maze, and in T-maze delayed alternation, passive avoidance, spatial learning, and place recognition
memorytasks(ia.é.au:‘.u;--i IR EITERV IR EEH EESIEIEIE N IO HERSSHER RN i ,,. [ERTRTETN IR RHTATI R
Ve o1t sny ey paed A '++:+). For example, activation of hippocampal cannabinoid receptors by the agonist WIN
55,212-2 (1-2 pg) dose-dependently decreases the exploration of an object in a new place, and this effect is antagonized by pre-
treatment with the cannabinoid receptor antagonist AM 281 (2 mgfRg, i b et i ey 1), WIN 55,212-2 (5 pg)

iy taniniaoe iy
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injected into the dorsal hippocampus increases the number of reference memory errors in the eight-arm radial-maze task,
suggesting impairment of memory retrieval (4o o 2l o), Additionally, post-training intrahippocampal administration of
WIN 55,2122 (2.5 and 5 pg) disrupts long-term spatial memory, but not acquisition or short-term memory, in a rat reference
memory task in the water maze (% 11t i <1 nit), We have recently found that WIN 55,212-2 administered systemically (0.5
mg/kg) or specifically into the hippocampal CA1 area (5 ug/side) before massed training in the Morris water maze impairs spatial
learning (ot Al oia), Thus experiments that specifically targeted the hippocampus confirm the implications of the
earlier systemic research as to the impairing effect of cannabinoids on hippocampal-dependent learning and memory.

Table 1. Effects of intra-dorsal hippocampal WIN
55,212-2 on learning and memory.

Cannabinoid Agonists Impair Hippocampal Synaptic Plasticity

In neuronal circuits, memory storage depends on activity-dependent modifications in synaptic efficacy, such as long-term
potentiation (LTP) and long-term depression (LTD), which ave the two main forms of synaptic plasticity in the brain. A key feature
of LTP and LTD is that a short period of synaptic activity (either high- or low-frequency stimulation) can trigger persistent changes
in synaptic transmission lasting at least several hours and often longer. This single property initially led investigators to suggest
that these forms of plasticity ave the cellular correlate of learning (111 cond G nieehadi prigg Bl aend Bave 1), Indeed,
efforts to understand synaptic plasticity are driven by the belief that such synaptic modifications might occur during learning and
memory. However, it is extremely difficult to demonstrate directly that learning-induced synaptic changes occur following

experience.

The mechanisms underlying synaptic plasticity have been studied more intensely in the hippecampus than in any other brain region.
Both forms of synaptic plasticity have been studied most intensively at the Schaffer collateral-CA1 synapses of the hippocampus
because of the established role of the CAt area in spatial memory (il ool o M. LTP and LTD are thought to be involved in
memory formation at glutamatergic synapses in the hippocampus. Cannabinoids appear to wo rk by reducing glutamate release
below the level needed to activate N-Methyl-D-aspartate {NMDA) receptors that are requived for LTP and L.TD Ciliens ol rgieg
Winier codd saliinon o), CBy receptors are capable of regulating both inhibitory and excitatory neurotransmitter release in the

hippocampus and are thus capable of exerting subtle control over synaptic plasticity.

Most of owr knowledge about cannabinoids and activity-dependent changes in synaptic strength comes from studies performed at
excitatory synapses, largely using acute hippocampal slices as the experimental model (¢ ooy a1 oronsd), Cannabinoid
receptor activation inhibits both LTP and LTD induction in the hippocampal slice. The inhibition of LTP in field potentials in the
CA1 region has been demonstrated using THC, HU-210, WIN 55,212-2, 2-AG, and anandamide (~vich ol TEEI R T T
fal , sl wwiliis 1 toe) and has been found recently to inhibit hippocampal LTD of CA1
te. vni), The impairment in the induction of LTP in the CA1 is hlocked by cannabinoid

IR field

TR, Bertihy bors el

potentials as well (211 2

antagonists such as SR141716A.

We have recently examined cannabinoid modulation of LTP and LTD in a different experimmental model: acute anesthetized rats.
Using this experimental condition, we found that i.p. administration of WIN 55,212-2 or the CB, receptor antagonist AM251 at the

doses tested impairs LTP in the Schaffer collateral-CA1 projection, with no effect on LTD (b aeed Al ) see Figure .

i hiees ot obsiGen have also demonstrated impairment of LTP in a CA1 slice preparation foilowing AMz251
v found that the CB, receptor antagonist SR141716A blocked the potentiation of the fEPSP slope

administration, =i =l
observed following HFS to the perforant path. However, other studies conducted on hippocampal slices of the Schaffer collateral—
CA1 synapses have shown that CB, blockade favors LTP in the hippocampus (ot i e ) and that mice lacking CB,
receptors show enhanced LTP (1o 4 eon). However, in the study by s o i i, the drug was present throughout
the experiment and LTP was elicited by moderate stimulations {20 or 50 pulses). Thus, the discrepancies with our findings could
result from the examination of field potential in an intact rat model versus slices, or from various methodological issues, such as
different stimulation protocols, different drug doses, etc.

PR
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Figure 1, CB, reccptor antagonist and agonist
impair theinduction of LTP. (A) AM2si injected
ip. (1orz2mg/kg} 30 min before application of high
frequency stimutation (HFS; 200 Hz) to the Schaffer
collateral significantly impairs the induction of LTP in
the CA1 compared with the vehicle group (P<0.01,
eliicle differs from al} the groups). No significant
difference is observed between the groups before HFS.
{B) WIN 55,212-2 (0.5 mg/kg) injected i.p. 20 min
Dbefore application of HFS (200 Hz) to the Schaffer
collateral significantly impairs the induction of LTP in
the CA1 compared with the vehicle group {P < 0,01), No
significant difference is obhserved bebween the groups
hefore HFS. Inset: representative traces in the CAt for
vehicle (upper traces) and WIN 6.5 mg (lower traces)
groups iaken before (Ltack) and 9o min after (gray) HFS
to the Schaffer collateral {calibration: 0.2 mV, 10 us).
Data published by 33w:-0 VR I ETITIR S INTRENY 11
Hippocamps.

Effects of Cannabinoid Agonists on Emotional and Non-Emotional Memory

Although considerable evidence suggests that activation of CB, receptors can induce learning and memory impairments (ol

sy Hobononer sl et Flen ot G o et of i), CBy receptors ave essential for the extinction of conditioned
fear associations (Hi i cF 2l o ), indicating an important role for this receptor in neuronal emotional learning and
memory.

Role of the Cannabinoid System in Extinction

Fxtinction was established as a tool to treat conditioned fear by Freud in the 1920s. It has become widely accepted that a deficit in
the capacity to extinguish memories of fear is at the root of fear disorders as a result of the distinction between those who do and do
not develop serious symptoms after fearsome experiences, and the fact that fear disorders are treated with therapy based on
extinction procedures. Moreover, panic attacks, phobias, and particularly post-t raumatic stress disorder (PTSD) are viewed by many

as a deficit of extinction that should therefore be treated by an intensification ofextinetion (¢ harney bl ron g W s R

it ;_'\!ié.u.: ofooi ’:n_;!-‘.)_

Conditioned fear is induced by pairing a neutral, conditioned stimulus (CS; e.g., & light, a tone, or a context) with an aversive
stimulus (unconditioned stimulus, US; e.g., amild footshock) that evokes a measurable fear response, Experimental extinction
learning oceurs when a G3 that previously predicted a US no longer does so, and over time, the conditioned response {e.g., freezing
or elevated skin conductance responses) decreases. Fxtinction learning involves the ventromedial prefrontal eortex (PFC),
amygdaia, and hippocampus (10 2t S PR L TR ITRRE IR IS FR LA 1. ona). PTSD patients continue Yo re-
experience the traumatic event over a long timeframe and avoid trauma-rel ated stimuli, even though they reco gnize that the
traumatic event is no longer occurring. It has been suggested that dysfunctional fear extinction plays an important role in the
development of clinical symptoms, such as reexperiencing trauma in PTSD (1t blanns sl i iy Leihah e gk iy Ol
W rands el ik cean), PTSD patients also demonstrate impaired extinction in the aftermath of new trauma. For example,
Vitieier o (oo have shown deficient extinction recall as measured in skin conductance response in a 2-day fear conditioning and

extinction procedure in PTSD patients.

3

Clearly, animal maodels do not entirely mimic the complex features of psychiatric disorders. However, they can predict the clinical
effects of substances and provide insights into the biological mechanisims of these diseases. ! b b oo found that CBy
receptor-deficient mice show normal acquisition and consolidation in a fear conditioning task, but fear extinction is strongly
impaired. Impaired extinction is also observed when the antagonist SR141716 is injected systemically into wild-type mice before the
extinction trial, indicating that CB, receptors are required at the moment of the extinction training. The findings that CB; knockout

mice exhibit impaired short- and long-term extinction of cue-induced conditioned fear responses have been replicated by other

groups for the extinction of both cue- and context-induced fear responses {i"1:21 4 R P I S HA A R
«ieu; Lafendtre etal., oy Lot 7 “ihiie o i o). We have recently shown that microinjecting the antagonist AM251
(6 ng) into the BLA or the CA1 significantly impairs extinction of inhibitory avoidance (¢ Ul o] A o RECTERREIRTES

Wl

i1107). Several studies suggest that the eCB system is not involved in the extinction of non-aversive memories (iloiiz
wwwrf rontiersin.erngehavioral__Ncurosc ience/10.3389/nbeh.201 1.00034/4ul H1S
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On the other hand, studies have demonstrated that pharmacological activation of eCB signaling promotes extinction of fear
memories, For example, {6l of il iy found that systemic administration of the eCB transporter AM404 (10 mg/kg)
promotes extinction of fear that was conditioned using fear-potentiated startie. This was replicated using systemic (72000 o
b)) and intracerebroventricular (et vl o '} injections. In another study (5 o abl s ), OL-135 (30 mg/kg), an
inhibitor of FAAH, enhanced the rate of extinction in a water maze task. Uaantonse o feen +1+ showed that WIN 55,212-2 (0.25
mg/kg) facilitates the extinction of contextual fear in the fear conditioning task and of spatial memory in the water maze reversal
task. We have used the light—dark inhibitory aveidance procedure to demonstrate the effects of WIN 55,212-2 administered into the
CA1 or the BLA on extinction. This procedure is dependent on both the amygdala and hippocampus as a single CS5—US {context—
footshock) pairing establishes a robust long-term memory, expressed as an increase in latency to enter the dark chamber at testing.
Repeated retrieval of the avoidance response in the absence of the US induces extinetion of inhibitory avoidance memory, meaning
that the animal learns that the context no longer predicts the footshock. We found that WIN 55,2:2-2 administered into the CA1
facilitates the extinction of inhibitory avoidance, with no effect on extinction Kinetics when microinjected into the BLA (€1

Fiosnd ning Ao deng '.‘H.!Az.u:ﬂ."li‘w":\ '-lw:-),

Hence, the results of “ia: oana ot s imaaws and subsequent investigations demonstrate that inhibition of eCB transmission
robustly inhibits (or prolongs) fear extinetion (et b ab aacgy Panpiern et at Py Poakiene o s
it e o). Conversely, stimulation of eCB transmission accelerates fear extinction (o

3 H B . O H . i PR Y .
[AETESI TR IS DU S SR S R LY R RN PRI TUTENN -’-,-'lx).

Peppjriiiintooy siyeaing Lo B TEN Y

Comparing the Effects of Cannabinoid Agonists on Aversive and Non-Aversive Tasks

Tt has been suggested that the neural processes underlying emotional memory formation (such as extinction learning) and non-
emotional memories (such as spatial learning) are differentially sensitive to cannabinoid receptor activation (¢t T
“0tv). An intriguing question is whether cannabinoids have a similar effect on other types of emotional menories that de not

involve fear and extinction learning.

We have recent findings suggesting that cannabinoid receptor activation has differential effects on learning and memory that are
task-, brain region-, and memory stage-dependent (o il M e ). We examined the effects of WIN 55,212-2 microinjected
into the amygdala and the subiculum on the acquisition and retrieval of a neutral learning task (i.e., social diserimination} and an
aversive learning task (i.e., contextual fear conditioning). The subiculum is the principal target of CA1 pyramidal cells. It functions as
a mediator of hippocampal—cortical interaction and has heen proposed to play an important role in the enceding and retrieval of
long-term memory. In fear conditioning paradigms, the BLA plays a central role in the formation and consolidation of fear-related

memaory traces (115 mog s s E R e ), whereas the hippocampus’s role is to integrate the features of the context
and not to form a context—shoek association (i i fow sooi), Unlike the aversive fear conditioning task, social discrimination is
considered neutral or even rewarding. This finding was established using both conditioned place preference paradigms and T-maze
learning rewarded by social interaction (- o bl o), Social yecognition processes depend on brain regions such as the
medial amygdala, which modulates the initial social encounter and formation of social memory (i e o st ey sl 5
Vo o) and the ventral hippocampus (oo WV G e gy Mowai et b o),

We found that in the aversive contextual fear task, WIN 55,212-2 administered into the BLA impairs fear acquisition/consolidation,
but not retrieval, whereas in the ventral subiculum (vSub), WIN 55,212-2 impairs fear retrieval. In thie non-aversive or rewarding
social discrimination task, WIN 55,212-2 into the vSub impairs acquisition/ consolidation and vetrieval, whereas in the medial
amygdala, WIN 55,212-2 impairs acquisition (o (il siieae oo00). These findings suggest that cannabinoid agonists can impaiv
emotional (or aversive) as well as neutral {or rewarding) memory-related processes in a task-, region-, and memory stage-
dependent manney. This is consistent with other studies suggesting that exogenous acute cannabinoid treatment may have different
outcomes depending on task aversiveness and the brain region involved (1! - oo Y T RS IR L AL L

H LR AR R H [ R YRR R TR S R R ER SR LR IR N LA '117-:)
,.J;, R R . R S ) iy g H LR 1Y

Effects of Cannabinoids on Stress and Anxiety

Considerable evidence suggests that cannabinoids are anxiolytics and modulate the behavioral and physiological response to
stressful events (oo 1 ab g Rl ). Consequently, the effects of CB, agonists on learning and memory may be

attributable to a general modulation of anxiety or stress levels and not to memory per se.

Stress is most readily defined as any stimulus that presents a challenge to homeostasis including any actual or potential disturbance

www.f ronticrsin.org.‘Behaviorai__Neuroscienccl 10.338%{nbeh. 201 1.00034/ull 515
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of an individual’s environment. The stress response enables the animal to adapt to the changing environment (=0l s Lo
.c:07). Fear is an adaptive component of the acute stress response to potentially dangerous stimuli that threaten the integrity of the
individual. However, when disproportionate in its intensity, chronic, irreversible, and/or not associated with any actual risk, it
constitutes a maladaptive response and may be symptomatic of anxiety-related neuropsychiatric disorders (1 nd e

4'<’lil'_}).

Anxiety disorders ave marked by excessive fear (and avoidance), often in response to specific objects or situations, in the absence of
true danger, and they are common in the general poputation (i et Hile s vi), As excessive fear is a key component of
anxiety disorders, the search for the neurocircuitry of anxiety disorders has focused extensively on studies of fear circuits in animal
models. These studies examined the neurocireuitry associated with fear responses in rats and mice using fear conditioning
paradigms, inhibitory avoidance, and fear-potentiated startle models. The amygdala, PFC, and hippocampus have arisen as clear
regions of interest in studies of anxiety disorders and are implicated in PTSD (“hiv vewl b 1i1ii),

The hippocampus is often implicated in the neurobiology of stress. Mineralocorticoid and glucocorticoid receptors are expressed in
high numbers within the hippocampus. Although stress-induced corticosteroid signaling in the hippocampus has a beneficial vole in
regulating the time course of the hypothalamic~pitaitary—adrenal (HPA} axis stress response (i Bioet o0 sl o), prolonged
glucocorticoid signaling can damage the hippocampus as measured by dendritic atrophy, decreased neurogenesis, and deficits in

synaptie plasticity (:1- 1o osnd Gonldiiaocg ety Meben g siesnee o), In PTSD and major depression
patients, hippocampus volumes ave reduced (1o oo sh st cline e sboay e end Hedees o0, and smaller
hippocampal volumes are predictive of vulnerability to developing stress-related disorders (11 o ol ronn),

Role of the Endocannabinoid System in Unconditioned Stress and Anxiety

Results from many studies indicate that the eCB system modulates unconditioned stress- and anxiety-like responses (Voo ot oL
Sty Corvallon b el waang uis oo ). A general conclusion that can be tentatively derived from the complicated and often
contradictory literature is that inhibition of eCB signaling increases stress and anxiety, while moderate increases in eCB signaling
decrease stress and anxiety {i 11, o; summmarized in Table ). The term “moderate” is used because strong stimulation of eCB
signaling by high doses of CB, receptor agonists potentiates stress- and anxiety-like responses (to4 ‘

che P o o bepgieg

i N

el ol b, oty bat e ona), This biphasic effect has been demonstrated in amimal models of anxiety (Lafenétre et al., o
VAL el Cog ot so00), and also in humans, Cannabis may induce aversive states in some smokers, precipitating anxiety and panic
attacks (1111 vt o ni), Furthermore, THC administration may result in psychotic-like states (i 1o b

‘Ll soo ). These bidivectional effects of cannabinoids observed in humans can be mimicked in laboratory animals. Hence,

in models predictive of anxiolytic-like activity, low doses of CB, agonists tend to be anxiolytic and high doses tend to increase

aversion and anxiety-related behaviors (b o 2 ),

Tablc 2, Effects of canmabineids on anxiety-
related responses,

Procedures used in studies on the role of eCBs in stress and anxiety evaluate the anxiolytic/anxiogenic effects of drugs by using
standard tasks such as the elevated plus maze (EPM), social interaction, and defensive burying (oo ol g ks ),
Using the EPM, o} ind fiied oo found that cannabinoid receptor agonists WIN 55212-2 (0.3—10 mg/kg) and CP55940
(0,001-0.3 mg/kg) adiministered systemically increase the time mice spend on the open arms (i.e., elicit an anxiolytic response) only
at low doses. At the highest doses, both compounds alter overall locomotor activity. In contrast, THC (0.25-10 mg/kg) produces a
dose-dependent reduction in time spent on open arms. The eCB uptake/catabolism inhibitor AM404 {0.3~10 mg/kg) produces an
increase in time spent on the open arms at low doses and has no effect at the highest dose tested. The FAAH inhibitor URB597
(0.03~0.3 mg/kg) produces a monophasic, dose-dependent increase in time spent on the open arms, Systemic administration of the
CB, receptor antagonists SR141716 (110 mg/kg) and AM251 (1—10 mg/kg) produce dose-related decreases in time spent on open

avms. i 15 o+ <000 have shown that THC induces increased aversion to the open ars of the EPM in both rats and mice that is
similar to the aversion produced by anxiogenic agents, In contrast, mice treated with the agonists canmabidiol and nabilone spend a
greater amount of time in the open arms of the maze, an effect similar to that produced by diazepam, the reference anxiolytic agent.

In the light—dark box, 1o b d dbsiaansd reco o chave shown that the systemic administration of a low dose of THC{0.3
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mg/kg) produces clear anxiolytic-like responses. The CB, cannabinoid receptor antagonist SR 141716A {0.5 mg/kg) completely
blocks the anxiolytic-like response induced by THC, suggesting that this effect is mediated by CB, cannabinoid receptors. In another

study, systemic administration of the FAAH inhibitors URBsg7 and URB532 reduces anxiety-related behavior in the rat elevated
zero-maze and in isolation-induced ultrasonic vocalization tests (it o +i. 100}, These effects are dose-dependent and
blocked by the antagonist rimonabant. The FAAH inhibitor and eCB re-uptake inhibitor AM404 also exhibit a dose-dependent
anxiolytic profile in the EPM, defensive withdrawal test, and ulirasonic vocalization test (1% ini o o e 1), URB597 has also
been shown to be anxiolytic in the rat EPM and open-field tests (130 -+ = o 3 and has recently been shown to reduce anxiety-
related behavior in the EPM in Syrian hamsters (i« o0 ool

et oo oeoe examined the dose-response effects of exogenous anandamide at doses of 0.01, 0.1, and 1.0 mg/kg in mice
sequentially submitted to the open field and EPM. Systemically administered at 0.1 mg/kg (but not at 0.01011 mg/kg), anandamide
increases the time spent and the distance covered in the central zone of the open field, as well as exploration of the open arms of the
EPM. Recently, it +i o1 o it demonstrated that the anxiolytic-like effect of a low anandamide dose is reversed by
administration of the antagonist AM251, whereas the anxiogenic-like effect is inhibited by pre-treatment with capsazepine, a
transient receptor potential vanilloid type 1 (TRPV1) receptor antagonist. The authors suggested that the anxiolytic effect evoked by
anandamide might be due to the interaction with the CB, cammabinoid receptor, whereas vanilloid receptors seem to be involved in
the anxiogenic action of anandamide (oo s a1 snsRR) sieh et ad reported that TRPV1 “nult” mice exhibit a
significantly reduced response to anxiogenic stimuli. Therefore, the anandamide-induced inverted U-shape pattern might be hased
on the fact that the intrinsic efficacy of anandamide on TRPV1 is relatively low compared to that observed on the CB, receptor (o

o),
Transgenic mice deficient for FAAH, the enzyme that degrades anandamide, demonstrate reduced anxiety-like behavior in the EPM

and light—dark box compared with wild-type mice and these effects are prevented by systemic administration of the antagonist
rimonabant (i: 00 i al i) By contrast, transgenic mice lacking expression of the CB, receptor demonstrate an anxiogenic

profile in the EPM, the light—dark box, open-field arena, and social interaction test (ifi: o1 i soiy, g Rinecayeoene ot
e vt Ll iers Cvieinen ol el sec 1) and demonstrate impaired stress coping behavior in the forced swim test { o

Sy
130} 3

1500). Similarly, CB, receptor antagonists increase anxiety-related behaviors in the EPM (a0 avd tiitland oo i11), Taken

together, these studies suggest that eCBs act at CB, receptors to reduce anxiety.

Role of the Endocannabinoid System in Conditioned Fear and Anxiety

Understanding the role of the eCB system in conditioned fear and aversive memories is important because a number of anxiety
disorders, including PTSD and phobias, ave thought to result from dysregulated fear neurocireuitry (7.t o7 sl @)
Tnvestigators have examined the effect of CB, receptor agonists and antagonists on contextual and cue fear conditioning. Results
from these studies were somewhat mixed. In rats, systemic injections of the CB, receptor antagonist AM251 enhance both the
acquisition and expression of cue fear conditioning (b oo of b sy e 1), Administering AM251 (5 mg/kg, i.p)
during tone—footshock conditioning enhances acquisition of freezing behavior for both trace fear eonditioning (hippocampal-
dependent) and delay fear conditioning (amygdala-dependent; i1 o i), Recently, we used an inhibitory avoidance task
and found that microinjecting AM251 (6 ng) into the BLA significantly enhances conditioned avoidance but has no effect on
conditioning when microinjected into the hippocampal CA1 area GO T T RO NI RIS KRS HEM TRUTH BRS TR IVRTER)
However, others have shown that mice lacking the CB, receptor or systemically administered with the CB; receptor antagonist
AMa25t (0.3~3 mg/kg) 30 min before behavioral testing show no contextually induced fear response [GEEHEICERTINTRTETE §
Furthermore, the CB, receptor antagonist rimonabant or genetic deletion of the CB, receptor has no effect on the acquisition of cue
and context fear conditioning inmice (i owie o Gl g el 1 -cur2). On the other hand, cue-fear-potentiated startle is
decreased by medial PFC injections of the CB, receptor agonist WIN s5212-2 or the FAAH inhibitor URB597 (ined v et )
and contextual fear conditioning is decreased by dorsolateral periaqueductal gray injections of either anandamide or the
anandamide transport inhibitor AM4o4 (ool s ), Overall it appears that, as in the case of unconditioned fear, inhibition
of eCB transmission increases fear while moderate stimulation of eCB transmission decreases fear.

The Involvement of the Hippocampus in Endocannabinoid Modulation of Stress and Anxiety
Techniques based on intracranial injections of cannabinoids in rats revealed that activation of CB, receptors is involved in inducing

Py

anxiolytic- or antidepressant-like effects (it o 00 ee g Sl o B e e coviay), For example, et
. erts found that low doses of THC microinjected into the PFC (10 pg) or ventral hippocampus (5 ug) in rats induces an
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anxiolytic-like response during tests in the EPM, while higher doses do not show an anxiolytic effect and even seem to switch into an
anxiogenic profile, Nevertheless, other studies demonstrated that eCB activation in the amygdala and dorsal hippocampus results in
an anxiogenic-like response. Low THC doses (1 pg) in the BLA produce an anxiogenic-like response whereas higher doses are
ineffective (e i o0 caoii), WIN-55212-2 in the dorsal hippocampus (2.5 and 5 pg) produces a significant anxiogenic-like
effect in rats that is reversed by AM2g1 (Hoohiibinl ot b v ),

Local infusion of cannabinoid compounds inte specific brain areas might be instrumental in identifying neural pathways and
neuroanatomically separated CB, receptor subpopulations that may play distinet roles in and mediate the opposing actions of
cannabinoids, notably, anxiolytie versus anxiogenic effects (elonobis cral oy Vineran b ab o). We examined the role of
cannabinoids in modulating aversive and non-aversive learning paradigms in the hippocampus and amygdala (o0 30 i
Wi g Medhiand Ve g e d W o), Microinjecting the antagonist AM251 {6 ng} or the agonist WIN-
55212-2 (5 pg) into the BLA, CA1, or vSub had no effect on anxiety levels as measured in the open-field, pain sensitivity (t oo

: Al W s Abide ot ke o e aned Al '1:11), or EPM tests (A bvioend Al i), However, both
agonist and antagonist had profound effects on aversive and non-aversive learning tasks. These findings suggest that in these studies
the impairing and facilitating effects of local infusions of WIN-55212-2 on learning and memory are probably not attributable to a
general medulation of anxiety. Nevertheless, the effects of cammabinoids on the interplay between anxiety and memory processes are

difficult to separate and further examination of the effects of different cannabinoids is required.

SRR NS S TR P NI SN S L R L RS

To summarize the role of the eCB system in stress, anxiety, and conditioned fear, there is a general consensus that the effects of
cannabinoid agonists on anxiety seem to be biphasic, with low doses being anxiolytic and high doses being ineffective or possibly
anxiogenic, There are several important chavacteristics of the eCB system that might explain these different effects of eCB
modulation. First, in a physiological situation, eCB synthesis, and thus CB, receptor activation, occurs in particular activated

neuronal circuits. This is a notable difference from the situation following pharmacological treatment with receptor agonists, when
the agent activates all CB; receptors in the brain regardiess of their specific involvement in a particular physiological process.

Second, the CB, receptor is expressed in diverse brain structures of relevance to psychiatric disorders and is mainly located

presynaptically where it can suppress the release of other neurotransmitters (o ivrso dost Laby ragei, anndg Mackiv. wan, 3
These neurctransmitters include the main inhibitory neurotransmitter GABA, the main excitatory neurotransmitter glutamate, as
well as acetylcholine, noradrenaline, and sexotonin (1o v vy Harhoany ol b ooy Monoer ot el oo Pace o al,
oy Civapesi o 1l con ), Thus, synthetic compounds delivered systemically lack both the spatial and temporal specificity of
endogenous compounds (Lafenétre et al,, 2on Vi et ad oy Moo aed Tk too 1), This may explain not only the bell-
shaped relationship between dose and effect that some studies have observed, but also why elevation of eCB levels sometimes has
effects that are different from those observed with exogenous cannabinoids. Finally, the diversity of eCB ligands with their multiple

synthetic and degradation pathways adds a further level of complexity to the eCB system (i e woai),

Summary

The findings demonstrate that the cannabinoid system has diverse effects on hippocampal memory and plasticity that cannot be
categorized simply into an impairing or an enhancing effect, but are rather dependent on important variables such as the natuve of
the task (i.e., aversive, emotional or not), the memory stage under investigation (acquisition, consolidation, retrieval, extinction},
and the brain areas involved.

'The involvement of the eCB system in multiple aspects of brain function provides new targets for the development of novel
therapeutic agents for a wide range of psychiatric disorders, including the treatment of anxiety disorders. Studies examining the
involvement of cannabinoids in memory processes advance our understanding of the potential harmful consequences of cannabis use
and the mechanisms underlying the close relationship between cannabinoids and cognition. This will help in determining whether
the clinical benefits of using cannabinoids outweigh the risks, and to better cope with the deficits induced by cannabinoids.
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This is the report of an open label clinical tvial to evaluate the effects of
nabilone, an endocannabinoid receptor agonist, on treatment-resistant night-
mares in patients diagnosed with postiraumatic stress disorder (PTSD). Meth-
ods: Charts of 47 patients diagnosed with P¥SD and having continuing night-
mares in spite of conventlonal antidepressants and hypnotics were reviewed
after adjunctive treatient with nabilone was initiated. These patients had been
referred to a psychiatric specialist outpatient clinic between 2004 and 2006.
The majority of patients (72%) receiving nabilone experienced either cessa-
tion of nightmares or a significant reduction in nightmare intensity. Subjective
improvement in sleep time, the quality of sleep, and the reduction of day-
time flashbacks and nightsweats were also noted by some patients. The results
of this study indicate the potential benefits of nabilone, a synthetic cannabi-
noid, in patients with PTSD experiencing poor control of nightmares with stan-
dard pharmacotherapy. This is the first report of the use of nabllone (Cesamet;
Valeant Canada, Ltd., Monireal, Canada) for the management of treatment-
resistant nightmares in PTSD,

2.5, which does not permit commerciak
exploitation.

Background

The Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition, Text Revision (DSM-IV-TR), defines
posttraumatic stress disorder (PTSD} as the development
of characteristic symptoms following exposure to an ex-
treme traumatic stressor, involving direct personal ex-
perience of an event that involves actual or threatened
death or serious injury or other threat to the physical in-
tegrity of another person, or learning about unexpected
or violent death, serious harm or threat of death, or in-
jury experlenced by a family member or other close as-
soclate. The person's response must involve intense fear,
helplessness, or horror {in children, disorganized or ag-
itated behavior). There are many characteristic symp-
toms of PTSD including the persistent, intrusive recollec-
tions or re-experience of the original event {via dreams
or nightmares and dissociative flashbacks}, numbing and
avoidance, and increased arousal [1}. The experience of
these symptoms leads to functional impairment,

Although PTSD is often associated with military casual-
ties, the majority of cases are refated to traumatic events
occurring in the general population. Such events may in-
clade physical or sexual abuse, traffic or natural disasters,
and interpersonal violence. The lifetime prevalence of
PTSD is 8.2% in the United States, and a Canadian study
puts this rate at 9.2% [2,3]. PTSD’s hifetime prevalence
is higher than that of other anxiety disorders, including
panic disorder, obsessive compulsive disorder, and gener-
alized anxiety disorder.

Guidelines for the management of PTSD now exist
[4]. However, recommended frst-line and second-line
agents, used alone or in combination fo treat symp-
toms including nightmares, often show limited effective-
ness in many patients. Subsequently, some patients may
continue to experience symptoms, including debilitating
nightmares, for years or decades. The negative impact
of nightmares and the side effects of some of the cur-
rent psychotherapeutic medications may potentiate other
symptoms of PTSD, including those related to anxiety
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and depression. Other comorbid psychiatric conditions
may also worsen. Commonly, patients with PTSD are
receiving more than one medication. Polypharmacy is
associated with the potential for side effects and drug in-
teractions, thus possibly creating compliance and quality-
of-life issues, On the basis of these experiences, there is
a definite clinical need for 2 medication that is effective
in treating nightmares related to PTSD, with positive ef-
fects on sleep and little potential for side effects or drug
interaction.

Selective serotonin reuptake inhibitors (SSRIs) are con-
sidered first-line agents in the pharmacological treatment
of PTSD in the United States (e.g., paroxetine and sertra-
line}. Second-line agents include venlefaxine, prazosin,
monoamine oxidase inhibitors, and tricyclic antidepres-
sants. Other agenss used in PTSD include atypical antipsy-
chotics and anticonvulsants [5].

Sleep disturbances, mainly insomnia and nightmares,
are present in about 70% of those with PTSD. The esti-
mates of nightmares vary from 24.8% [6] to 60.0% [7].

Various medications have been used in attempts to
control PTSD sleep disturbances, including nightmares. A
review of the abovementioned classes of medications, as
well as other specific agents such as clonidine and cypro-
heptadine, concludes, “to date an insufficient number of
controtied studies are published to formulate evidence-
based guidelines. Drawing on the available data it can be
concluded that there is limited but promising evidence
for prazosin and olanzapine for managing ¥TSD night-
mares and insomnia” {[8]. That asticle also points out
that objective parameters for insomnia and nightmares
need to be developed. The fact that so many agents have
been used in attempts to manage nightmares highlights
that management of these is difficult, and that there is
room to explore other potentially usefut classes of medi-
cations. Anecdotal reports of relief from psychiatric symp-
toms, with the use of marijuana or a pharmaceutical en-
docannabinoid receptor agonist, have created interest in
investigating the role of the endocannabinoid system in
PTSD and other mood disorders [5]. The endocannabi-
noid system has been implicated in the control of vari-
ous behaviors including eating, addiction, and memory
and in mediating both anxiolytic effects and pain re-
sponses [6-8]. Endocannabinoids are thought to exert an
effect through a variety of interactions with the CNS re-
lated to PTSD. These include the hypothalamic-pituitary—
adrengcortical (HPA) axis, function of the hippocampus
and amygdala, and control of cortical regulation of mem-
ory processes [9-111.

‘The endocannabinold system comprises two G-protein-
coupled receptors (CB, and CB,), possibly one or more
atypical receptors, and several ligands (notably anan-
damide and 2-arachidonolgiycerol [2-A]). The CB; re-

Nabilone Treatment for Nightmares in PTSD

ceptor is distributed primarily within the CNS, particu-
larly in the cerebellum, basal ganglia, amygdala, cerebral
cortex, and hippocampus [12,13]. The CB, is mostly dis-
tributed peripherally [13,14]. The cannabinoid receptors
show pronounced selectivity in their binding and even
have distinet binding sites for different classes of ligands
[14]. This selectivity may partially explain why diiferent
agonists for the same CB receptor show differing thera-
peutic and side effect profiles. For example, at therapeutic
doses, nabilone does not appear to produce the psycho-
{ogical high of inhaled marijuana.

Nabilone {Cesamet; Valeant Canada, Ltd,, Monireal,
Canada), an endocannabinoid receptor {(CB; and CB,)
agonist, has been in use in Burope and Canada for over
25 years and was recently granted approval in the United
States for the treatment of chemotherapy-induced nausea
and vomiting. The identification and cloning of cannabi-
noid receptors in humans have led to a better under-
standing of the possible mechanisms of action of nabilone
and support its potential use and safety in muitiple clini-
cal settings and various patient populations {£2-26}.

Rational for Therapeutic Trial of
Nabilone in Patients with PTSD

Patients with PTSD can be desperate to obtain relief from
their symptoms and frequently turn to self-medication,
including the use of alcohol and cannabis. On the ba-
sis of observations published in a single case study that
mentioned nabilone's reduction of nightmares when it
was employed io replace a patient’s use of smoked mar-
ijuana for the relief of PISD symptoms {22}, the author
of this current report decided to initiate nabilone as phar-
macotherapy for several patients whose nightmares were
not adequately controlled with standard therapies. When
the initial three patients experienced abolition of their
nightmares, it was decided to use nabilone in subsequent
clinical cases with similar presentations and record the ef-
fect on nightmares.

Methods

All 47 patients who agreed to participate in this clini-
cal study had been referred to the author’s private clinic
for the management of PTSD by other physicians. The
clinic specialized in the management of psychological
trauma. Diagnoses for the study were confirmed by DSM-
IV-TR criteria using a recognized PTSD questionnaire,
the Posttraumatic Stress Diagnostic Scale [9]. All pa-
tients had at least a 2-year history of PISD-refated night-
mares that had not responded to conventional therapies
{Tables 1 and 2}. Bligibility for this study stipulated that
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Table 1 Population profile

Total Z

Total number of patlents studied ‘47

Mean age, years = 5D 4419

Range 2668

Wom:en/men 27120 57143
Time since PTSD onset {range in years} 2-30
Table 2 Typeof trauma

Total %

Repetitive childhood trauma {sexualiphysical abuse} 18 38
Civilian adult trauma {accident, rape, Injury, workplace i8 38
traumna, and life-threatening illness)

Combat-associated trauma 11 23
Total 47 100

current nightmare frequency was a minimum of once
weekly.

Nightmares were considered *“treatmeni-resistant”
when these persisted in spite of conventional medica-
tions employed for PTSD. Although these medications
provided relief for various PTSD symptom clusters, as re-
ported by the patients in this study, nightmares persisted
unchanged and continued to cause clinical distress.

The author had to rely on subjective reports of night-
mare presence and subsequent relief with the use of
nabilone since, at present, there is no reliable test to ob-
jectively measure the presence or intensity of nightmares.

All patients were informed that nabilone was a syn-
thetic cannabinoid and approved only for antiemetic use.
The patients were screened for previous negative expe-
riences with marijuana use and were advised to not use
marijuana while taking nabilone. Conditions that were
contraindicated with the use of nabilone were excluded
from the study (e.g., sensitivily to cannabinoids and
psychotic reactions). All patients were on psychotropic
medications for PTSD at the start of the study, and a deci-
sion was made not to discontinue any of these in order to
study the effect of the addition of nabilone. The patients
were carefully monitored for any adverse reactions, Po-
tential benefits and side effects were discussed, and the
patients were advised to discontinue nabilone if they ex-
perienced any uncomfortable side effects. Verbal consent
was voluntary, and continuing psychiatric treatment was
not contingent on being a volunteer.

Prior to starting nabilone, the patienis were given a
tracking sheet that asked them to record the intensity of
nightmares from 1 to 5 (5 being the most intense} and

G. A, Fraser

hours of sleep and provided a space for comments about
that night’s sleep., This nightly chariing began 1 week
prior to commencing the trial and weekly thereatter un-
til satisfactory results or the trial being ended due to side
effects. Previous medications, which ranged from a sin-
gle $5RI to polypharmacy, were not changed during the
study.

The patients were started at a dose of 0.5 mg 1 h prior
10 bedtime (the first patient was started at 1.0 mg based
on dose availability. Soon after, the 0.5-ing capsule be-
came available). The patients were seen within 7 days of
initiating nabilone in order to determine dose response
and monitor for side effects, Titration of nabilone was in-
dicated if the medication was well tolerated and effective
control of nightmare symptoms had not been achieved.
The patients continued to be seen weekly until a satisfac-
tory response was achieved or nabilone was stopped due
to side effects. All doses were kept below the maximum
6 mg daily, as per the Cesamet (nabilone) product mono-
graph [28]. Patients having a positive response to night-
mare cessation or reduction were permitted to continue
nabilone therapy and were individually monitored for its
use in ongoing therapy. All patients gave consent for a
review of their clinical charts in order that their response
to nabilone therapy be documented.

Results

For 47 patients, standard PTSD medications being main-
tained, the usual starting dose was 0.5 mg and was
titrated up or down to eifect. The average clfective dose of
nabilone was 0.5 mg one hour before bedtime, with an ef-
fective dose range of 0.2 mg to 4,0 mg nightly. Thirty-four
{72%) patients experienced total cessation or lessening of
severity of nightmares (28 patients had total cessation of
nightmares and 6 had satisfactory reduction), The discon-
tinuation of medication was suceessful in four patients
following 4-12 months of nabilone therapy (nightmares
did not return or returned at a reduced level, not needing
further medication control), whereas the other patients
experienced a recurrence of nightmares upon nabilone
withdrawat {usually within the first two nights). These
patients experienced control of nightmares once nabilone
treatment was reinitiated. These patients were asked to
atrempt withdrawal at least every 6 months, but the ther-
apy was ongoing ai the time of this chart review. Three
patients, who initially responded positively, were lost to
follow-up.

In some cases, the benefits including an improvement
in sleep time and a reduction of daytime flashbacks were
subjectively noted. Several patienis also stated that they
no longer experienced nightsweats while on nabilone,
Once effective relief of nightmares was achieved, no
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Acquisition and storage of aversive memories is one of the basic
principles of central nervous systems throughout the animal
kingdom®, In the absence of reinforcement, the resulting beha-
vioural response will gradually diminish to be finally extinct.
Despite the importance of extinction?, its cellular mechanisms
are largely unknown. The cannabinoid receptor 1 (CB1)* and
endocannabinoids® are present in memory-related brain areas™
and modulate memory™®, Here we show that the endogenous
cannabinoid system has a central function in extinction of
aversive memories, CB1-deficient mice showed strongly impaired
short-term and long-term extinction in auditory fear-condition-
ing tests, with unaffected memory acquisition and consolidation.

# Present 2ddress: Molecalar Neurogenetics Group, Max Planck Instilute of Psychiatry, Kraepelinstrasse
2-10, £0804 Munich, Germany.
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Treatment of wild-type mice with the CB1 antagonist SR141716A
mimicked the phenotype of CBi-deficient mice, revealing that
CB1 is required at the moment of memory extinction. Consist-
ently, tone presentation during extinction trials resulted in
elevated levels of endocannabinoids in the basolateral amygdala
complex, a region known te control extinction of aversive
memories®, In the basolateral amygdala, endecannabinoids
and CB! were crucially involved in long-term depression of
GABA {y-aminobutyric acid)-mediated inhibitory currents. We
propose that endocannabinoids facilitate extinction of aversive
memories through their selective inhibitory effects on lacal
inhibitory networks in the amygdala,

To study the involvement of the endogenous cannabinoid system
in memory processing, we generated CB1-deficient mice (CBI -
see Supplementary Information). CB1 /™ mice and CB1 ' litter-
mates were tested in auditory fear conditioning, which is highly
dependent on the amygdala® and enables the dissection of different
phases of memeory formation, including acquisition, consolidation
and extinction, Mice were trained to associate a tone with a foot-
shock (conditioning). After conditioning, animals froﬁze when

a 50, N g 751 Uncenditioned
v & freezing
o 401 3z 80
By 1 £s
£5 % o2 o
1—‘“ g
£3 204 " 5 :g
55 36 d7 68 gt
& 104 ﬁi‘” Day after shock
ot . e 0 .
Go di d2 d3 dé Andety
¢S CS C8 cs -
Experimental day §§ 30
%E 20
<]
= ° 10
b " F
2 © 0 cBT caiF
gz 50 RO
£5
Exn a0 f 2 tocomotion
5 & % t Es
< 3 ()
; £ 19 1)
ot zt
Co 'd6 d7 dB dit g5
¢S G5 CS
Experimental day T o8 510 10-15 15-20 20.25 2530
Time (5-min intervals)
g ot
e oo
0.4 Pain o i i
g £ 1
€ 03 35 N
g 2 TN L
2 € i i
3 02 3% E {{{I
4 41 i LN @
£ o g T
& 0 L 5 - Y )]
L vyrrayral Co (?31 d2 o3 d6 %tsa cg_so
@ 7

Experimental day

Figure 1 Impaired extinction of aversive memory in an auditery fear-conditioning task of
CB1 ™'~ mice {filled circles) as compared fo thelr CBY ++ ittermates (spen circlas).
a, b, After congitioning (Co} animals wiere repeatedly exposed to 60 s tones {conditioned
stimulus, CS} starting 24 b after conditiening {a) (d1) or after a 6-day consotidation period
(b} {d6Y. c—f, €81 ~'~ and €87 *'* mice did net differ in felr sensory-meotor abilities, as
assessed by sensitivity to rising electric foot-shock (e}, unspecific freezing to a tane after
shock application (d), anxisty-related behaviour on the elevated plus maze (8) and
horizontal logomotian In an open field {f). o, C81 ~'~ mice shovied memery extinction in
response 1o a stronger extinction protoco! {3 min tenes until day 20; analysed in 60-s
intervais), kut still froze more than CB7 ++ controls. Means + s.e.m. are shown;
number of animals are indicated in parentheses, Asterisk, P < 0.05; double asterisk,
P < 0.01; triple asterisk, P < 0.001 {compared with CB7 HHy: dagger, P << 0.05;
double dagger, P << 0.01; irigle dagger, 7 < 0.001 (compared wilh day 1).
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re-exposed to the tone. This response served as an indicator of
aversive memory, and is gradually extinguished on repeated tone
presentations. As the amygdala has a crucial role for extinction of
aversive memories™®, we studied amygdala-dependent memory
performance in the absence of possible confounding influences of
the hippocampus by re-exposing the mice to the tone in an
environment different from the conditioning context'. In this
environment, neither CBI '~ nor CB1™" mice showed freezing
without tone presentation 24 h after conditioning {data not shown).
During the subsequent tone presentation, however, animals of both
groups showed the same amount of freezing (Fig. 1a; dl, P> 0.05),
pointing to an equally successful tone-foot-shock association. On
repeated exposure to the tone, however, CBI "'+ and CB1 ™™ mice
differed significantly in their freezing behaviour {genotype:
Fy30 = 5.81, P < 0.05; genotype X day interaction: Fj g = 4.86,
P < 0.005; Fig. ta). In fact, CBITF mice (Fs,0=9.70,
P < 0,0005), but not CBI '~ (Fj 19 = 0.94, P = 0.433), showed
extinction of freezing.

The identical behavioural performance of the two genotypes on
day 1 indicates that acguisition and early consolidation processes do
not invelve CBI, However, it is possible that memory consolidation
processes were not completed 24 h after conditioning, leaving open
a potential involvement of CB1 in later phases of memory con-
solidation. To test this hypothesis, new groups of animals remained
undisturbed after conditioning for 6 days, and mice from these
groups were then exposed to the 60-s tones (Tig. 1b). Again,
CBI ™'~ and CBI™" mice did not differ in their initial freezing
response, but behaved in a significantly different way in the course
of repeated tone presentations {genotype X day interaction:
F342 = 3.03, P < 0.05). Whereas CB! *++ mice showed a decrease
in freezing behaviour until day 11 (Fs 3y = 3.73, P < 0.05), CBI -
mice failed to extinguish the freezing response {Fs3,;s = 1.03,
P = 0.404). A more detailed analysis of the freezing response in
20-s intervals confirmed the difference in extinction
(genotype X 20-s bin interaction: Fypis5 = 2.60, P < 0.005;
Supplementary Information). These differences were due to altered
short-term and long-term extinction in CB! ~'~ mice but not to
increased spontancous recovery of the freezing response {(genotype:
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Figure 2 CBY antagonist SR1417164 impairs short-term and long-term extinetion, but
not acquisition and consolidation of aversive memories. a, Mice were ealed with
SR141716A (filled arrows) or vehicle (open ascows} 20 min bafore conditioning (Co) and
the first extinction traf {d1; 3 min tong). b, Mice were treated vith SR141716A or vehicle
10 min after the first extinction trial, asindicated. Freezing was analysed in 60-s Intervals.
Means + s.e.m. are shown; umber of anlmals are shown in parentheses. Double
asterisk, P < 0,01 {compared with the two other groups).
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Fiq4 = 0.18, P=0.675; genolype X day interaction: Fj,5 = 1.61,
P = 0.217; Supplementary Information).

We next analysed whether the differences in memory extinction
between the two genotypes could be attributed to alterations in
sensory-motor abilities of CB1™'" mice, as cannabinoids are
known to influence pain perception, emotionality and loco-
miotion™"2, However, mice of either genotype showed the same
pain sensitivity to a rising electric foot-shock defined as the shock
intensity at which mice showed first signs of discomfort, that is,
jumping andfor vocalization {Fig. 1c). Moreover, if the same
animals were repeatedly exposed to the tone, there were no
significant differences in freezing behaviour between the genotypes
{genotype: Fq,;; = 1.61, P = 0.228; genotype X day interaction:
F3 36 = 0.225, P = 0.878; Fig. 1d), indicating that CB1 deficiency
does not affect foot-shock-induced behavioural sensitization or
uncenditioned freezing to the tone. Anxiety-related behaviour
was analysed on an elevated plus maze. Animals of either genotype
spent the same relative time on open arms of the maze (P > 0.05, t-
test anct U-test; Fig. le), and made the same relative number of
entries into open arms (CBI*: 22,0 = 4.0%; CBI ' :
21.1 £ 7.6%, P> 0.05, t-test and U-test). In contrast, CBI '~
mice showed reduced exploratory activity {number of closed-arm
entries: 11.6 = 1.1 in CBIM™ mice compared with 6.5 * 1.2 in
CB1 '™ mice, P < 081, t-test). However, in an open-field loco-
motor activity test, no significant differences were found, including
horizontal (Fig. If) and vertical locomotion, resting time, and time
spent close to the walls of the box (data not shown}.

The failure of CBI ™ mice to diminish their freezing response
during a limited number of 60-s tone presentations (Fig. 1a, b)
raises the question as to whether CB1 '~ mice are able to extinguish
aversive memories at all, Thus, conditioned CBI ™' and CBI "
mice were exposed o a stronger extinction protocol (3 min tone, six
exposures; Fig. 1g). Both CBI™'™ (F 15,119 = 15.01, P < 0.000001)
and CB!™'" mice (Fiz,110 = 7.59, P < 0,000001) extinguished
their freezing response over the course of repeated tone presenta-
tions. Nevertheless, extinction was still more pronounced in
CBI1H* as compared with CBI ™'~ mice (genotype: Fy 44 = 5.30,
P < 0.05). Notably, the most marked differences between CB1 =i

a b
4 1.5 3001
]
¥ 250
o 1.2
2 200
g 0.8
=4 150
5
a 0.6
B 100
5
.3 50
Paired tone/shock
Tona

Freezing

Figure 3 Re-exposure to the tone 24 h after congitioning causes increased
endocannabineid levels in the basolaleral amygdala complex (BLAC) but not the mediat
prefrontal cortex (MPFC) of C57BL/G.E mice, a, Micograghs of coronal braln sections
showing representative examples of the dissected mPFC and BLAC. Circles indicate the
size and posttioning of tissue sampling. b, e, Anandamide (b, AEA) and 2-
arachidonoyiglycerol (¢, 2-AG) levels of the three experimental groups (see text), which
differed in conditioning procedure, re-exposure to the tone and resulting freeziag
response 1o the tone. Means + s.e.n. are showa {7 = 4 per group, 5 mice per 7. Open
bars, mPFC; filled bars, BLAC. Asterisk, P < 0.05 {compared with BLAG of the other
groups).
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and CBI™"™ mice were observed during acute tone presentation
(short-term extinction). Therefore, CBI ™'~ mice might be primar-
ily impaired in short-term extinction, with a resulting impairment
in long-term extinction, assessed in the course of the subsequent
extinction trials. Accordingly, spontancous recovery was not differ-
ent between the genotypes (genotype: Fyj 4= 173, P=0.208;
genotype X day interaction: Fys6 = 1.19, P = 0.323; Supplemen-
tary Information).

Qur behavioural data clearly indicate an involvement of the
endogenous cannabinoid system in extinction of aversive mem-
ories. However, the life-long absence of CB1 could result in develop-
mental defects leading to the phenotype observed. It, furthermore,
precludes any temporal dissection of the involvement of the
endogenous cannabinoid system in different stages of memory
formation. Thus, we treated wild-type C57BL{6] mice with the
CB1 antagonist SR141716A (ref. 13), either before conditioning, or
before the first extinction trial, Systemic application of SR141716A
20 min before the first extinction trial impaired both shore-term and

1.8+
1.6

1.24

1.0+

0.8 -

Normalized population spike amplitude

0.6

0.4

& & 10 15 20 25 30 35 40 45 50 55 60 65 70
Fima {min}

b ocBi | ®CBIF
£ ‘V‘

0OSsR e CBPt CBI+

¥

g sopAl 520
£ 1.6 LFs2 Soms 215
E}g 1 o 2{, by 8 '
& 1.0
3 10 pagoosmeonyehtitborstintithodt 7
% 03 oooo°¢000®°o°°0°ooo _‘% 0.5 E
a 0 &
% 0.2 0 it —f— H+ )
E YT 7T T Bafore  After
§ 0246 81012141618202224262830 LFS 2(1) LFS 2{2)

Time (min)

Figure 4 Endogenous cannabingid system and synaptic plasticity in the basolateral
amygdala. a, LTP {top} and £TD {pottom} In stices from CB1 H+ and €87 mice,
induced by high-frequency stimulation (HFS) and low-frequency stimulation {LFS 1),
respectively. Asterisks indicate stmulus artefacis. b, Long-term depression of [PSCs
{70} requires CB1 activation. In principal neuzons of slices of CBY ++ mice, fow-
frequency stmulation (LFS 2) induced a reduction of the amplitudes of Isolated 1PSCs.
Slices of £B1 ' mice pre-incubated in SR141716A (SR) showed no LTD, LFS 2 had ne
sffectin 681~ mice. e, LTD; was accompanied by increased PPF, which was absent In
CB1 ™' mice. Insets show representative traces before and afler HFS or 1FS (1, 2,
respectively), Means * s.e.m. are shown,
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long-term extinction of the freezing response as compared with
both vehicle-treated controls and animals treated with SR141716A
before conditioning (treatment X time interaction: Fig,160 = 2.72,
P < 0.005), with no difference between the two latter treatments
and with a similar performance of all three groups in the beginning
of the first extinction trial (Fig. 2a). These data largely confirm the
phenotype of CB! '~ mice (Fig, la, b, g), indicating that endo-
cannabinoids have only a negligible function in memory acqui-
sition, consolidation and recall (indicated by the similar
performance at the beginning of the first extinction trial), but
selectively interfere with extinction of the freezing response to the
tone, Mice treated with SR141716A before the first extinction trial
showed an attenuated extinction of freezing not only during the first
tone presentation {short-term extinction) but also in the absence of
pharmacological treatment during the first 60 s of tone presentation
at day 6 (long-term extinction). Spontaneous recovery of the
behavioural performance from the end of the first (day 1) to the
beginning of the second tone presentation session (day 6) was not
different among the three groups (Fy34 = 0.29, P = 0.744; Sup-
plementary Information). Together, these findings support the idea
that CB1 might be particularly important for the extinction of acute
responses to the tone (short-term extinction}, which, in turn, relates
to behavioural extinction over repeated fone presentations (long-
term extinction), without affecting spontaneous recovery of the
behavioural performance. Accordingly, the CB1 antagonist had to
be present at the time of tone presentation (that is, during aversive
memery recall} in order to interfere with memory extinction, as
SR141716A failed to affect extinction if administered immediately
at the end of the extinction trial (data not shown) or 10 min later
(Fig. 2b}.

These observations, together with the pharmacokinetics of
SR141716A (ref, 14), led us to assume that presentation of the
tone during the extinction trial causes an instantancous rise in
endocannabinoid levels. To confirm this assumption, we measured
in C57BL/6] mice levels of the two major endocannabinoids,
anandamide (AEA) and 2-arachidonoylglycerol (2-AG), in brain
punches of the medial prefrontal cortex (mPFC) and the basolateral
amygdala complex {BLAC), both of which are thought to have
central roles in extinction of aversive memories™. in those animals
forming an association between tone and foot-shock, levels of AEA
and 2-AG were significantly higher in the BLAC at the end of tone
presentation of the extinction trial on day 1, as compared with
animals with unpaired tone and foot-shock presentation on the
previous day and with animals with paired tone and foot-shock
presentation but no re-exposure to the tone (¥Fig. 3). There were no
significant differences in levels of AEA and 2-AG in the mPFC,
suggesting a specific involvement of endocannabinoids in extinc-
tion processes within the BLAC. Data of the two control groups
indicate that both a successful tone—foot-shock association and re-
exposure to the tone are required to trigger the acute increase of
endocannabinoid levels,

If the endogenous cannabinoid system is activated during tone
presentation, how exactly does it facilitate memory extinction? To
answer this question, we performed a series of electrophysiological
experiments in the BLAC of brain slices from CBI ™'~ and CBI HE
mice. Basic electrical properties were similar in CBI ™'~ and CB1 e
littermates, including input resistance and resting membrane
potential {data not shown). High-frequency stimulation (HFS) in
the lateral amygdala close to the external capsule induced long-term
potentiation {LTP) in the basolateral amygdala of both genotypes
(Fig. 4a), This effect was significantly more pronounced in CBI ™"~
than in CBI *'* mice (potentiation of population spike amplitude
to 147 * 11% in CB! '~ compared with 117 + 8% in CBI ™
mice, 1 = 9, P << 0.05)., However, we failed to affect basal synaptic
transmission and LTP induction in wild-type slices superfused with
SR141716A {5puM; data not shown). This indicates that the
enhanced LTP in CB1 ' mice might reflect long-term develop-
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mental adaptations to life-long absence of CB1, and cannot be easily
attributed to the lack of CB1 during ETP induction. Low-frequency
stimutation with 900 pulses at 1 Hz {LFS 1) of the same pathway
induced a persistent decrease in excitatory synaptic transmission
{long-term depression, LTD) in both CB1 /" and CBI*™* mice
with no difference between genotypes (depression of population
spike amplitude to 75 * 7% in CBI '~ compared with 80 = 7% in
CB1** mice, 1 = 9, P > 0.05; Fig. 4a}.

As several recent studies indicate an involvement of CB1 in
GABA-mediated synaptic transmission in hippocampus'®"’ and
amygdala®, we next looked for possible differences in this process
within the basolateral amygdala of CBI ™'~ and CBI' ™'Y mice. Low-
frequency stimulation with 100 pulses at 1 Hz (LFS 2} of the lateral
amygdala close to the external capsule induced a significant
suppression of isolated GABA , recepior-mediated inhibitory post-
synaptic currents {IPSCs} in principal neurons of the basolateral
amygdala of CB1 %' mice. This suppression lasted for more than
20 min (hereafter called long-term depression of IPSCs, LTD;, to
66,7 + 54%, n =18, P<C0.05; Fig. 4b), Importantly, LTD; was
blocked in CB1 " mice by SR141716A (5 pM; Fig. 4b), showing
an acute involvement of the endocannabinoid system in the devel-
opment of LTD;, The involvement of CB1 in LTD; was confirmed in
CB1 '~ mice in which LTD; was completely abolished (to
110.1 % 13.8%, n =8, P < 0.01 compared with CBi*'*; Fig, 4b).
Consistent with previous reports'™", suppression of GABA-
mediated synaptic transmission also increased paired-pulse facili-
tation (PPF) in CB1*™* (P < 0.05) but not in CBI '~ mice
(Fig. 4c), indicating a local CBl-dependent decrease in GABA
release from axon terminals in CBI ™™ sfices.

Extinction of aversive memories is thought to be an active
mnemonic process’, As a new memory, it shares several attributes
with other steps of memory formation™*'%; however, there is
increasing evidence that some cellular pathways are specifically
involved in extinction, but not in acquisition or consotidation of
fear memories'™'*®, We demonstrated a specific involvement of
CBl-mediated neurotransmission in extinction of aversive mem-
ories. In principle, the enhanced excitatory synaptic plasticity in
CB1 '~ mice (LTP; Fig. 4a) might explain the prolonged mainten-
ance of aversive memories observed in these animals (Fig. 1a, b, g).
However, an enhanced LTP is expected to ceincide with an increased
initial freezing response in the first extinction trial*', which was not
observed in CB1 '~ mice. Accordingly, acute blockade of CB1 by a
selective antagonist failed to affect LTP induction as well as
acquisition and consolidation of the aversive memory. In contrast,
the same approach revealed a significant involvement of CB1 in
extinction {Fig, 2a}. Tone-induced recall of the aversive memory
was accompanied by an activation of the endocannabinoid system
within the BLAC (Fig. 3}, which possibly leads to a decrease of
GABA-mediated transmission in a CB1-dependent manner (LTD;;
Fig. 4b, c).

The role of GABA-mediated transmission for extinction is,
however, controversial’*?*, Within the amygdala, CB1 immunor-
eactivity was detected in a distinct subset of GABA-containing
interneurons of the BLAC® {one of the sites where aversive mem-
ories might be formed and stored™), but not in the central nucteus
of the amygdala® (the principal output site of the amygdala').
Taking into consideration that principal neurons of the BLAC and
neurons of the central nucleus of the amygdala might be inversely
correlated in their activities™®, we propose that the CB1-mediated
decrease of activity of local inhibitory networks within the BLAC
leads to a disinhibition of principal neurons and finally to extinction
of the freezing response. The selective and locally restricted inhi-
bition of GABA-mediated transmission might not be easily repro-
duced by systemic administration of GABA-interfering drugs™®,
Thus, future studies will have to confine such treatments to the
BLAC to validate that CB}-mediated inhibition of GABA-mediated
transmission is indeed crucially involved in the extinction of
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aversive memories mediated by CBl. It remains to be shown
whether CBI is not only invalved in extinction of aversive memories
but also in adaptation to aversive situations in general and/or in
extinction of memories, independently from their emotional
value,

Overall, our findings suggest that the endogenous cannabinoid
system could represent a therapeutic target for the treatment of
diseases associated with inappropriate retention of aversive mem-
ories or inadequate responses to aversive situations, such as post-
traumatic stress disorders®, phobias, and certain forms of chronic
pain'. O

Methods

Animals

Adul iale CS7BIIEJOISHSA it (6-8 weelis Harlan-Winkelfiiatiny aid riale CB1 ™)
and CBIH* littermates {1016 weeks; see Supplementary Information} were housed
individually with an inverse 12712 h Yight/dark cycle (lights oft at 8:00) for at least 2 weeks
before starting the experiments,

Behavioural studies

Experimental procedures were approved by the Committes on Animal Health and Care of
locat Government, Experiments were performed between 9:00 and 14:00, Animal’s
behavieur was analysed in a blind fashion with regards to genotype and drug treatment.
Data were analysed by analysis of varlance (ANOVA) followed by Fisher’s feast significant
differeace test for planned comparisons, Mann-Whitaey U-test or unpaired Student’s
t-lest. A P-value of <0.05 was considered statistically significant, Experimental procedures
for pain threshold and unconditioned freezing, elevated plus maze and open field are
described in Supplementary Information.

Fear conditioning

For conditioning, animals were placed into conditiening chambers (MED Associates).
After 3min, a 20-5 tone (9 kHz, 80 dB} was presented that co-terminated with a 2-s electric
foot-shock (0.7 mA). In pharmacological experiments animals received a 1-5 shock to
avoid ceiling effects in the freezing response due to the combination of foot-shock and
injection stress, Animals were returned to their home cages 60s after shock application. At
the given time points afler conditicning, animals were placed into transparent plexiglas
cylinders that differed from the conditioning context, and a 60-s or 180-s tone was
presented 3 min later {extinction trials). Animals were returned to their home cages afier
another 60's, Mice were experimentally naive except for the stronger extinction protocol,
where they had been tested on the elevated plus maze 5 days before. Freezing behaviour
{defined as the absence of all movements except for respiration} was quantified from
videotapes by trained observers that were blind to genolype and drug treatment, and data
were narmalized to the respective ohservation periods.

Pharmacological treatment

SR141716A {NIMH Chemical Synthesis and Drug Supply Program} was dissolved in
vehicle solution (i drop of Fween-80 in 3 m 2.5% dimethylsulphexide in saline).
SR141716A {3 mg per kg body weight) and vehidle were injected subcutancously at 20 nd
per kg body weight under light isofluran anaesthesia.

Measurement of endecannabinoids

C57RL6]OlaHsd mice were randomly assigned to three groups (i — 20 each). On the
conditioning day, two groups wete conditioned as described before (paired). The
remaining group received the foot-shock first and a 20s tone 3 min later (unpaired). On
the next day, all animals were placed into the cylinders, but only one of the paired groups
and the unpaired group were exposed 1o a 3-min tone. Fmmediately after the end of the
tone (o1 equivalent time in cylinder}, animals were killed, brains were quickly removed
and snap-frozen in lsopentanefdry ice, mPFC and BLAC were punched from the frozen
brain using a cryecut and cylindric brain punchers (Fire Science Tools, internal diameter
2.0 mm and 0.8 mm, respectively). Length of punches was approximately 1.6 mm for
mPFC (start: bregma 2.8 mm*} and 1.2 mm for BLAC (stact: bregina — 1.0 mm?®), Brain
tissue of mPFC and bilateral BLAC, respectively, of 5 mice was pooled to obtain a single
data point. Tissues {10-15mg per data point} were dounce-homogenized with
chloroform/methanolfTris-HCH 50mM, pH 7.4 {17171 by volwme) containing 5 pmeol of
octa-deuterated (dg)-anandamide and 50 pmol of d5-2-arachidenaylglycerol (Cayman
Chemicals) as internal standards. Lipid-containing organic phase was diied down,
weighed and pre-purified by open-hed chromatography on silica gel, and analysed by
liquid chromatography-atmospheric pressure chemical ionization-mass spectrometry
(LC-APCI-MS) using a Shintadzu high-performance liquid chromatography (HPLC)
apparatus {LC-10ADVP} caupled to a Shimadiu quadrupole mass spectromeler
(LCMS-2010) via a Shimadzu APCI interface. Mass spectrometry analyses were carried
out in the selected ion-monitoring (SIM) mode as described previously™. Temperature of
the AFCI source was 400°C; HPLC colamn was a Phenomenex (5 pay, 150 X 4.5 mm)
reverse phase colunn, eluted as described®. Anandamide (retention time of 14.5 min) and
2-AG (retention time of 17.0'min} quasi-molecular ions were quantified by isotope
difstion with the above-mentioned deuterated standards™ and their amounts in pmols
normalized per myg of lipid extract. Data were statistically evaluated by ANOVA.
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Electrophysiology

Brain slices were prepared essentially as described™. 1PSCs and population spikes were
evoked by square pulse stimuli (0.066 11z, 5-12 mA, 200 ps} delivered by means of bipolar
tungsten electrodes positioned within the laterat amygdala close to the external capsule,
Population spikes were recorded in the basolateral amygdala close to laterat amygdala
using glass microelectrodes {2-3 M) filled with artificial cercbrospinal fluid {ACSE)™.
HFS (five trains at 100 Hz for 1 s, 10-s interstimulus intervat) was applied to induce ITP,
and LESE (300 pulses at | Hz) was applicd {0 induce LTD, Whole-cell GABA-mediated
currents were isolated by adding NBQX (0.005 mMM) and D-(-}-2-amino-5-
phasphopentaroie acid (APS; 0.05 mdd) to ACSF (hubbled with 95% Ox/5% COy pH
7.3), and were recorded from visually identified somata of principal neurens of the
basolateral amygdala® by glass electrodes (4.5-5 MM containing (in mM): Mg-ATP 2,
CsCH;3S05 100, CsCl 60, EGTA 0.2, HEPES 10, MgCl, 1, QX314 5 and Na,GTP 0.3 {pH
7.3). Paich clamp experiments were performed at 24 £ 1°Cat a holding potential of
—70 mV. LTD); was induced by 100 stimuliat 1 Hz {LFS 2). PPF was induced as described™.
Data are expressed as means * s.e.m. We tested significance using the Student’s f-test.
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Mammalian circadian clocks consist of complex integrated feed-
back loops*® that cannot be elucidated without comprehensive
measurement of system dynamics and determination of network
structures'’, To dissect such a complicated system, we took a
systems-biological approach based on genomic, molecular and
cell biological techniques, We profifed suprachiasmatic nuclei
and liver genome-wide expression patterns under light/dark
cycles and constant darkness. We determined transcription
start sites of human orthologues for newly identified cycling
genes and then performed bioinformatical searches for relation-
ships between time-of-day specific expression and transcription
factor response elements around transcription start sites. Here
we demonstrate the role of the Rev-ErbA/ROR response element
in gene expression during circadian night, which is in phase with
Bmall and in antiphase to Per2 oscillations. This role was verified
using an in vitro validation system, in which cultured fibroblasts
transiently transfected with clock-controlled reporter vectors
exhibited robust circadian bioluminescence'®.

To perform comprehensive measurement of mammalian circa-
dian gene expression, we profiled genome-wide expression patterns
of central (suprachiasmatic nuclei, SCN) and peripheral (liver)
clocks every four hours during light/dark cycles (LD} or constant
darkness {DD) over two days. We extracted total RNA from 50
pooled SCNs and four pooled livers at each time point, prepared
biotinylated complementary RNA and wused an Affymetrix mouse
high-density oligonucleotide probe array (GeneChip) to determine
SCN and liver gene expression.

The data obtained were analysed through two statistical cosine
filters, one for LD and the other for DD time courses {see
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The Use of Medical Cannabis to Treat PTSD
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University of Arizona College of Medicine

1. Introduction

Currently, there ate approximately 500 suicides a month in patients with Post
Traumatic Stress Disorder (PTSD) and all other causes, and over three hundred thousand
backlogged disability claims involving PTSD and depression. nl. Tliose suffering from
PTSD also have a reduced quality of life, an increased number of hospitalizations, high
frequency of depressions and alcoho! drug abuse, and suffer in social, family, and work
tife. n2. For patients who are treated, many have poor responses to psychotherapy and
pharmacological treatment and often turn to alcohol and drugs. n3.

Recent studies demonstrate the potential benefits of the use of cannabis for PTSD.
These sindies confirm that extinction of aversive memories and the adaptation to stress
responses ate in part, controlled by endocannabinoids. nd4. There are two cannabinoid
receptors in the brain, CB1 and CB2. These receptors ate activated by:
endocannabinoids, which are synthesized internally in the body, cannabinoids derived
_ from the cannabis plant (such as THC), and synthetic cannabinoids that are synthesized in
a laboratory. This natural system works much like our natural GABA system. Just as we
produce our ownl endoecannabinoids, we produce our own internal GABA, and we use
synthetic bepzodiazapines that bind to the receptors. Likewise, we have. cannabinoid
receptors, and we should be using cannabis to modulate them, Cannabinoids can actas a
therapeutic target for the treatment of diseases associated with the inappropriate retention
of aversive memories, such as PTSD. n3 Furthermore, because of the effects of the
cannabis on the stress response, it is likely that potential patients treated with
cannabinoids may also benefit from the stress-reversing effects of the drug. né

While the state of Arizona has acknowledged and approved the use of cannabis
for many physical illnesses such as multiple sclerosis and chronic pain, it has failed to
acknowledge the use of cannabis for psychological disorders such as PTSD, in which the
medical benefits of cannabis are scientifically proven. This reflects unfounded
discrimination on mental illness and psychological disorders. As Nancy Pelosi stated in a
recent address on health care, “Iliness of the brain must be treated just like illness
anywhere else in the body.” n7. Recently, the federal government has expressly
acknowledged this in its passage of the Mental Health Parity and Equalization Act of
2008, mandating that health care providers provide equal treatment for mental
disorders/substance abuse disorders as it does for.any other physical illness. n8 The
stereotype that psychological illnesses are any less debilitating or credible than physical
illnesses is unacceptable and has no basis in science or reality. In both cases people are
sick and need care; in both cases there are treatments that can relieve them of pain. When



people receive the necessary treatment, people have the potential to get better and be
productive and independent citizens. n9.

Hundreds of recent studies indicate that cannabis is an effective treatment for
PTSD. Considering the high suicide rate associated with PTSD (50-100 suicides a month
for veterans alone) n10, and that accepted psychotherapeutic and pharmacological
treatments are often ineffective, nll, itis imperative that PTSD patients have access to
another option that is effective, natural, safe, and can be regulated by a doctor, These are
people, often veterans, whose chronic psychological trauma, depression, insomnia, and
acconmipanying symptoms cannot be relived by conventional therapy ot
psychotherapeutics and is worsened by alcohol. n12. In fact, since the U.S. sent more
than 1.6 million men and women into combat in Iraq and Afghanistan in 2001, 18.3% of
those returning have PTSD or major depression. n13. These patients have fought for our
country and are now plagued with horrible memories. Their health and quality of life
should be of top priority, and studies show and patients have testificd that cannabis is an
effective, alternative treatment. Cannabis can help relieve these patients of psychological
trauma, it can stop horrible nightmares and stress related sleep disorders, and it can
provide them with a better quality of life. n14

IL. The Effectiveness of Cannabis as a freatment for PTSD.

a) The endocannabinoid system reverses enhancing effects of stress and helps
with retention of aversive memories,

_ Over the past few years, remarkable advances have been made in our
understanding of the endocannabinoid systera and its molecular and physiological
functions. n15. The potential therapeutic value of cannabinoid modulation is highlighted
by the dense expression of the cannabinoid CB1 receptor in regions known to be
significant for anxiety and emotional leamning, particularly the basolateral amygdala
(BLA). nl6. ‘

The endocannabinoid system has specific involvement in the habituation
component of fear extinction and mediates habituation to tepeated stress, suggesting that
augmentation of endocannabinoid signaling is a good target for the treatment of affective
disorders, n18, n19. The endocannabinoid system has a direct effect on the natural brain’s
function of dealing with information and can in fact aid the brain in discarding unneeded
information. n20,

The functions of the endocannabinoid system are especially relevant to the
treatment of conditions associated with retention of aversive memories and stress related
disorders, such as PTSD. A recent study examining the cannabinoid receptor activation
in the BLA found that it reverses the enhancing effects of environmental stress on
inhibitory avoidance (IA) conditioning and its impairing effects on extinction, n21, The .
study tested rats, known for their love of dark places, who were given electric shocks
when entering the darkened region of their cage. Shortly thereafter, the rats became afraid
of the dark area and began to remain in the brighter part of the cage. The researchers then



stopped giving the electric shock treatment and the rats returned to the dark arca. The
length of time between the shocks stopping and the rats retuming was measured. In the
next phase of the study, a new group of rats were used. These rats were shocked as they
entered the dark area of the cage and were placed onan elevated grid. (Most animals,
including rats, avoid walking over elevated gtids as they find the distressing). It took
Jonger for this group of rats to trust the dark region again, The researchers then tested a
third group of rats, who were treated in the same way as the second group, except in this
group a synthetic THC-like compound was injected into a the BLA, the region of their
brains associated with fear, This medical-marijuana receiving group of rats returned just
as quickly to the dark spot in the cage as the rats in group one., n22.

The benoficial effects of cannabinoids in the BA are extremely significant,
Specifically, the study found that: 1) cannabinoid receptor activation in the BA blocks
the effects of stress on the conditioning and extinction of inhibitory avoidance (IA); 2);
cannabinoid receptor stimulation in the BLA reduces stress-induced elevations in
corticosteroid levels (this is significant because most people with PTSD show a high
secretion of cortisol), n23; and (3) the CB; receptor has an extremely important role in the
BLA in the extinction of avoidance behavior because the receptor antagonist impairs IA
extinction. n24. These findings show that cannabinoid receptor activation can act fo
reverse the effects of stress on memory. These results support a wide therapeutic
application for the cannabis cannabinoids in the treatment of conditions in which patients

suffer from aversive memories and stress. PTSD patients should be entitled to a treatment
that can have such a profound beneficial effect on relieving traumatic memories.

b) Cannabinoids are effective in cessation of nightmares and a reduction in
nightmare intensity ’

The disruption of sleep is often one of the most debilitating parts of PTSD and
patients are often unable to find relief through pharmaceutical treatment, n25.
Particularly, nightmares and sleep disorders are frequent symptoms of PTSD, with some
patients experiencing even more severe problems such as violent or injurious behaviors
during sleep, sleep paralysis, and hypnagogic and hypnopompic haliucinations. n26, n27.

Recent studies have shown that cannabis is effective in cessation of nightmares
and reduction of nightmare intensity. In a study evaluating the effects of an
endocannabinoid receptor agonist on treatment-resistant nightmares in'patients diagnosed
with PTSD, patients who had continued nightmares despite treatment with conventional
anti-depressants and hypnotics were reviewed after treatment with nabilone, an
endocannabinoid receptor agonist. n28. A large majority (72%) of patients experienced
either cessation of nightmares or a significant reduction in nightmare intensity. n29.
Furthermore, patients noted improvement in sleep time, the quality of sleep, and the
reduction of daytime flashbacks and night sweats. 030, :

, These findings are extremely significant because they not only illustrate the many
~ benefits of cannabis on PTSD symptoms, but also that cannabis can be an effective
option for patients who are unable to find relief with the currently accepted treatments.
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Dr. Tod Mikuriya, psychiatrist, author, and former marijuana research for the National
Institute of Health, emphasized the importance of treating sleep deficits in those with
PTSD when he explained, "PTSD often involves jrritability and inability to concentrate,
which is aggravated by sleep deficit. Cannabis use enhances the quality of sleep through
modulation of emotional reactivity. Tt eases the triggered flashbacks and accompanying
emotional reactions, including nightmares. The importance of restoring circadian rhythm
of sleep cannot be overestimated in the management of PTSD.” n31.

¢) Cannabinoids promote neurogenesis and produce anxiolytic and
antidepressant like effects.

The hippocampus is able to generatc new neurons (neurogenesis) throughout the
lifespan of mammals. n32. Studies teach us that néwborn hippocampal neurons are
functionally integrated into the existing circuitry and are positively correlated with
learning and memory processcs and tho developmental mechanisms of stress and mood
disorders. n33. Recent studies have shown that chronic treatment with synthetic
cannabinoids produces antidepressant and anxiolyic effects. The anxiolytic effects are
achieved by promoting hippocampal neurogenesis, which is in furn promoted by
carmabinoids. n34. By finding that embryonic and adult rat hippocampal neural
stem/progenitor cells are immunoreactive for CB1 cannabinoid receptors, studics
demonstrate that cannabinoids can act on CB1 receptors to regulate neurogenesis. n35.
This is further corroborated by findings that cannabinoids promote proliferation, but not
differentiation, of embryonic hippocampal neural stem/progenitor cells via activation of
CB1 receptors combined with G proteins and ERX signaling. n36.

The anti-depressant and anxiolytic effects of canndbis are important as anxiety
and depression are frequent symptorns of PTSD and can be very debilitating. n37. It is
well-founded that cannabis and its major psychoactive component, (-)-rrans-Ag-
tetrahydrocannabinol, have profound effects on mood and can modulate anxisty and
mood states. n38. Thus, stimulating the endogenous cannabinoid system with natural
cannabinoids could be a major therapeutic target for the treatment of anxiety-related and
mood disorders. n39. In a study that fooked at treating anxiety with cannabinoids,
blocking the CBI1 receptor resulted in the rats having more fear, demonstrating that
modulation may be useful treatment for blocking fear, as seen in the blockade mice. n40.
These results indicate that the endocannabinoid system can be modulated to eshance
emotional learning and that endocannabinoid modulators may be therapeutically useful
for exposure based psychotherapies such as those used to treat PTSD and other anxicty
disorders. n41.

Based on its efficacy alone, cannabis should be considered an acceptable
treatment for PTSD. As Dr. Mikuriya said “Cannabis relieves pain, enables sleep,
normalizes gastrointestinal function and restores peristalsis. Fortified by improved
digestion and adequate rest, the patient ca resist being overwhelmed by triggering
stimuti. There is no other psychotherapeutic drug with these synergistic and
complementary effects.” n42, Dr. Mikuriya also emphasizes that cannabis can relieve

many other symptoms of PTSD such as physical pain, fatigue, and sleep deficit.



Furthermore, restorative exercise and diet are requisite components of PTSD treatment
and depression treatment, and cannabis, unlike some analgesics, sedatives, and
benzodiazepines, does not leave the patient too immobile to exercise. n43.

IIL. PTSD and substance abuse

Many PTSD patients have poor responses to psychotherapy and often tum to
alcohol and drugs. n44. Moreover, many suffer from chronic pain and become addicted to
opiate pain medications. n43. Due to continnous problems such as depression, anxiety,
secondary alcoholism, and substance abuse that PSTD patients suffer from and the
numerous poor responses to pharmacological and psychological treatments, alternative
treatments such as cannabis are imperative.

While many studies, and many State Departments of Health, cite cannabis use as
substance abuse in PTSD patients, they ignore the positive effects of cannabis on the
brain and the reality that patients may not be abusing cannabis, but using it as an
alternative, effective treatment. Abuse can ocour with any drug, including medically
prescribed Oxycontin or Vicodin as well as an over the counter drug like Tylenol. But the
possibility that these drugs can be abused does not make them illegal. The possibility that
some people might abuge cannabis should not make it illegal, when, like these other
drugs, it is scientifically proven to effectively treat a condition. In fact, “it is generally
appreciated that the use of cannabinoids is related to their positive modulatory effects on
brain-rewarding processes along with their ability to positively influence emotional states
and remove stress responses.” n46.

The differing offects of cannabis and other drugs of abuse on the brain highlight
the difference between using a drug as an effective treatment versus substance abuse.
Chronic administration of the major drugs of abuse including opiates, alcohol, nicotine,
and cocaine has been reported to suppress hippocampal neurogenesis in rats. n47. Unlike
these major drugs that inhibit neurogenesis, studies demonstrate that cannabis promofes
hippocampal neurogenesis. n48. This suggests a role of hippocampal neurogenesis in the
initiation, maintenance, and treatment of drug addiction.

The specific effect of the cannabinoid system on the fear response is significant
and suggests the potential for long-term relief, nd9. Cutrent acceptable treatments such as
behavior therapy, on the other hand, are ineffective for many. While behavior therapy for
human anxiety disorders is often effective, extinction-like treatments require repéated cue
exposures and are vulnerable to reversal by a pumber of environmental factors,
particularly stress. n50. Thus, cannabis has the potential to be an effective alternative to

often-ineffective behavior therapy and extinction treatment. n51.

The incffectiveness of currently acceptable treatments leads to substance abuse.

" Patients unable to find relief seek it clsewhere, with substances that are not regulated or
monitored by a physician. Mor¢over, psychiatrist-advised use of medical marijuana can
actually help PTSD patients reduce their alcohol intake. Marijuana addiction potential is



a fraction of that of alcohol (3% vs. 10%). n52. Dr. Christopher Ficthner, section chief for
PTSD at Hines V.A. Hospital in Illinois, explained that the use of medical cannabis can
reduce the physical and psychological harm for those who self-medicate with alcohol.
n53.

IV. New Mexico: Taking the lead in treating PTSD with cannabis.

New Mexico has taken the lead in explicitly allowing people with PTSD to have
access to marijuana under its medical marijuana law. PTSD accounts for more pationts
than any other-of the state’s 16 eligible debilitating conditions approved for medical
marijuana treatment. n54. After a review of the evidence of the effectiveness of
marijuana in treating PTSD, health professionals in New Mexico agteed that medical
marijuana could be beneficial for patients with PTSD. On the other hand, health officials
in Colorado are denying veterans and other patients suffering from PTSD a legitimate,
safe, treattent alternative.

The chief medical officer of the Colorado health department said, “There isno
evidence of efficacy of marijuana for treatment of PTSD in the medical literature.” n30.
This statement is outright false, inconsistent with evidence-based medicine and .
demonstrates ignorance of the hundreds of medical studies on the efficacy of marijuana
for PTSD treatment. To deny the encrmous body of medical literature is outrageous and
offensive to the suffering PTSD patients who are now the victims of the health
department’s ignorance. Dr. Eve Elting, a New Mexico physician, emphasized the
offensiveness of the Colorado Health Department when she said, “It’s bad enough they
have something that makes life so challenging. On top of that they’re discriminated
against, made to feel like they’re doing something wrong.” n53.

New Mexico is not alone in recognizing cannabis as an effective treatment for
PTSD. In Canada, the government pays for medical marijuana for their veterans,
acknowledging that for many, its is more effective than available alternatives, with fewer
side effects. n56. In Israel, the Ministry of Health is currently granting licenses for people
who have PTSD to use medical marijuana. n57

Even Croatia acknowledges cannabis as a treatment for PTSD. n 2009, Croatia’s
Supreme Court threw out a jail sentence given to a veteran who used marijnana for his
PTSD. n58. This ruling is extremely significant considering Croatia’s “zero tolerance”
drug policy. In its ruling, the court noted that “the defendant suffers from PTSD, and
marijuana relaxes him and helps him to overcome psychological problems.” n59.

V. Conclusion

To deny those with PTSD suffering from psychological trauma and terrifying
flashbacks access to a natural herb that is scientifically proven to provide them with relief
is simply outrageous. By allowing PTSD to be treated with medical marijuana, physicians



can help patients treat their condition with cannabis and assist the patient in using
cannabis in a manner that is safe and most effective for the particular patient. Physicians
can be re-assured that there is an ample body of medical literature that supports the
beneficial use of cannabinoids. Studies teach us that we have our ownt cannabinoid
receptors in our internal cannabinoids, and these should be modulated as they are proven
1o reverse offects of stress and help with retention of aversive memories, promote
neurogenesis, and can reduce nightmares, fear, anxiety, mood disorders and other PTSD
symptoms. The importance of the endocannabinoid system and the large body of medical
literature supporting the benoficial use of cannabis should be acknowledged. Without the
acceptance of cannabis to treat PTSD, patients who cannot find relief with
pharmaceuticals and psychotherapy are forced to furn to the streets to have access to
cannabis, They are denied the very important role of the doctor in helping them treat their
condition. These patients will often turn to substance abuse and many twn to suicide.

We are sending millions of our citizens to Iraq and Afghanistan, and many are
coming back afflicted-with PTSD and other psychological trauma. n60, We should give
them all of the tools available to regain their health, The enormous volume of scientific
research and data proves that the use of medical marijuana for PTSD is safe and effective.
To deny patients access to a treatment whose efficacy is well founded with scientific
evidence is callous and discriminatory at best.
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Table 1.1 Examples of Drugs in the Five Scheduling Categories

Schedule |

Fcstasy, China White, GHB, Heroln
{synthetic and natusal), lysergic Acid
Diethylamide (LSD), Marijuana, Mescaline,
Payote, Psilocin and Psilocybin
(constituents of magic mushrooms)

Schedule il

Amphetaming, Cocaine and Crack,
Codeine, Fentanyl, Hydrocodone,
Meperidine (Demerol®), Methadone,
Methylphentdate (Ritalin}, Morphine,
Opium, Oxycodone (OxyContin®, Percocet®),
Phencyclidine {PCP)

Schedule 1}

Anabolic steroids, Barbiturates, Ketamine,
LSD precursors

Schedule IV

Alprazolam (Xanax®}, Clonazepam (Klanopin®,
Clonopin®), Biazepam Malium®), Funitrazpam
{Rohypnol), Lorazepam (Ativan®), Triazelam

{Halcion®), Zolpidem {Ambien®}

Schedule V

Codeine preparations — 2060 mg/mi or 100 g
{Cosanyl, Robitussin A-G®, Cheracol®,
Cerose®, Pedciacof™)
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Number of
Participants

i recelving dose

Smoked
marijuana

Vaporized
Marijuana

2% THC marijuana

6% THC marijuana

Number of
Participants

receiving dose

Smoked*
Marijuana

Marijuana

6% THC marijuana ]2 10 10 ¢
! 12% THC marijuana 10 5 5
6% THC/6% CBD marijuana | 20 10 10
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Cannabinoid Receptor Activation in the Basolateral
Amygdala Blocks the Effects of Stress on the Conditioning
and Extinction of Inhibitory Avoidance

Eti Ganon-Flazar and Irit Akirav
Department of Psychology, University of Haifa, Haifa 31905, srael

Despite the efficacy of behavior therapy for human anxiety disorders, extinction-like treatments require repeated cue exposures andare
vulnerable to reversal by a number of environmental factors, particularly stress. The endocannabinoid system has recently emerged as
important in the regulation of extinction learning and in the regulation of the hypothalamic-pituitary-adrenal axis, Here, we aimed to
examine the involvement of the cannabinoid CB, receptor in the basolateral amygdala (BLA) in inhibitory avoidance (IA) conditioning
and extinction and to test whether cannabinoid activation would reverse the effects of stress on these memory processes. The synthetic
full agonist of the CB,/CB, receptor WIN55,212-2 [R—{+)-(2,3-dihydro-5-methyi—3-[(4-morpholinyl)methyi]pyrol[1,2,3-de]-1,4-
benzoxazin-6-yl)(1-naphthalenyl) methanone monomethanesulfonate] (5 pug/0.5 ub) microinjected into the BLA had no effect on 1A

conditioning or extinction by itself. However, microinjecting WINS5,

212-2 into the BLA before exposing the rats to a stressor reversed the

enhancing effects of the stressor on IA conditioning and ifs impairing effects on A extinction. tmportantly, WIN55,212-2 microinjected
into the BLA reduced stress-induced elevations in corticosterone levels, Control experiments demonstrated the following: (1) the effects
of WIN55,212-2 could not be attributed to sensotimotor deficits, because these parameters seemed unchanged by W IN55,212-2 micro-
injected into the BLA;and (2) the CB, receptor in the BLA is crucially involved in the extinction of IA, because the CB, receptor antagonist
AM251 {N—1»(2,4-dichlorophenyl)-5«(4-iodophenyl)-4-methy]—N-1-piperidhlyl—lH-pyrazole-Swcarboxamide] (6 ngf0.5 ulb) microin-
jected into the BLA significantly blocked extinction, Together, our findings may supporta wide therapeutic application for cannabinoids

in the treatment of conditions associated with the inappropriate rete

Introduction
Fear inhibition is most often studied through a procedure in
which a previously fear-conditioned organism is exposed to a
fear-eliciting cue in the absence of any aversive event. This pro-
cedure results in a decline in conditioned fear responses that is
attributed to a process called extinction (Myers and Davis, 2007}.
Despite the efficacy of behavior therapy for human anxiety
disorders, extinction-like treatments require repeated cue expo-
sures and are vulnerable to reversat by a number of environmen-
tal factors, particularly stress. We recently showed (Akirav and
Maroun, 2007) that 30 min of exposure to the elevated platform
stressor distupts the extinction of both auditory and contextual
fear conditioning. Others have reported that stress reduces cued
fear extinction (Shumake et al, 2003; Izquierdo et al, 2006;
Maren and Chang, 2006) or impairs its recall (Maren and Chang,
2006; Miracle et al., 20065 Garcia et al., 2008), In parailel, expo-
sure to stress facilitates the initial fear learning, thus further en-
hancing the fear response (Shors et al., 1992; Cordero et al,
2003).

Received March 12, 2009 fevised April 19, 2009; accepted June 9, 2009,
This work was supported by The Hational Tnstitute for Psychobiology inlsrackGeant 203-07-08 (LA,
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ntion of aversive memories and stress-related disorders.

Manipulation of the endogenous cannabinoid system has be-
come a major focus of current search for novel therapeutics to
treat many common mental ilinesses, including anxiety disor-
ders, depression, and drug addiction {Porter and Felder, 2001;
Kathuria et al., 2003). it is generally appreciated that the recre-
ational use of cannabinoids is related to their positive modulatory
effects on brain-rewarding processes along with their ability to
positively influence emotional states and remove stress responses
to environmental stimuli (Gardner and Vorel, 1998). Indeed, the
potential therapeutic value of cannabinoid modulation is under-
scored by the dense expression of the cannabinoid CB, receptor
in regions known to be significant for anxiety and emotional
Tearning, particularly the basolateral amygdala (BLA) (Katona et
al., 2001; Haller et al., 2002).

The endocannabinoid system has recently emerged as impor-
tant in the regulation of extinction learning {Marsicano et al,,
2002; Varvel and Lichtman, 2002; Suzuki et al., 2004; de Oliveira
Alvares et al., 2005) and of the hypothalami&pituitary—adrenal
(HPA) axis and its end product corticosterone {CORT) (Patel et
al., 2004; Cota, 2008; Steiner and Wotjak, 2008). Studies so far
suggest that environmental stress and CB, receptor activity inter-
act in the regulation of the HPA axis and that the augmentation of
endocannabinoid signaling can suppress stress-responsive sys-
tems (Patel et al., 2004; Cota, 2008; Steiner and Watjak, 2008).

Our main goal was to test whether cannabinoid activation in
the BLA would inhibit stress-induced alterations in inhibitory
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avoidance (IA) conditioning and extinction and to examine the
possible association with the HPA axis. To that end, we examined
the following: (1) the effects of administering cannabinoid recep-
tor agonist into the BLA on the conditioning and extinction of 1A,
{2} whether cannabinoid activation in the BLA would reverse the
effects of stress on IA conditioning and extinction, and {3)
whether cannabinoid activation in the BLA would affect plasma
CORT levels,

Materials and Methods

Subjects. A total of 434 male Sprague Dawley rats {~60 d old, 250300 g)
were used for the experinents. Animals were caged individually at 22 =
2°C under 12 h light/dark cycles. Rats had access to water and laboratory
rodent chow ad libitin. The experiments were approved by the Univer-
sity of Haifa Ethics and Animal Care Comumittee, and adequate measures
vere taken to minimize pain or discomfort inaccordance with the guide-
lines laid down by the National Institutes of Health in the United States
regarding the care and use of animals for experimental procedures.

Drug treanments. Three drugs were investigated: the synthetic CB/
CB,, receptor agonist WIN55,212-2 {R-(+)-(2,3-dihydro-5-methyl-
3.[{4-morpholinyl)methyllpyrol{1,2,3-de]-1,4- benzoxazin-6-yi)(1-
naphthalenyl}) methanone monomethanesulfonate] (WIN); an
inhibitor of endocannabinoid reuptake and breakdown, AM404
[N-(4-hydroxyphenyl)-arachidonamidef; and the CB; receptor
antagonist AM251 {N- 1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-
methyl-N-1-piperidiny}-1 H-pyrazole-3-carboxamide] (Tocris Bio-
science). Fach drug was initially dissolved in dimethylsulfoxide
{DMSO) and further diluted with saline (0.9% NaCl).

The final DMSO concentration was <.7%. This was also used as the
vehicle. The final concentration of DMSO did not affect performance in
the inhibitory avoidance task. Drug concentrations are based on reports
in the literature {Martin et al, 1999; Chhatwal et al., 2005 de Oliveira
Alvares et al., 2005; Moreira et al,, 2007; Pamplona et al,, 2008 and our
preliminary results. For microinjection, WIN55,212-2 was used at 2.5
pgf0.5 ul, 5 pgf0.5 pl, or 10 pgf0.5 pl. AMAD4 was used at 200 ng/0.5 pl
or 800 ng/0.5 pl, and AM251 was used at 6ng/0.5 pl, For intraperitoneal
administration, WIN 55,212-2 was used at 0.25 mg/kg.

Cannulation and drug microinjection. Rats were anesthetized with 4.8
mlfkg Equithesin (2.12% w/v MgS0, 10% ethanol, 39.1%6 v/v propylene
glycol, 0.98% wiv sodium pentobarbital, and 4.2% wiv chioral hydrate),
restrained in a stereotactic apparatus (Stoelting), and implanted bilater-
ally with a stainless stecl guide cannula (23 gauge, thin walled) aimed at
the BLA {(anteroposterior, —3 mmm; lateral, =5 mm; veniral, —6.7 mmy}.
The cannulae were sct in place with acrylic dental cement and secured by
two skull screws. A stylus was placed in the guide cannula to prevent
clogging, Animals were allowed | week to recuperaie before being sub-
jected to experimental manipulations,

For microinjection, the stylus was removed from the guide cannula,
and a 28 gauge injection cannula, extending 1.0 mm from the tip of the
guide cannula, was inserted. The injection cannula was connected via
polyethylene PE20 tubing o a Hamilton microsyringe driven by a mi-
croinfusion pump (CMA/100; Carnegie Medicine). Microinjection was
performed bilaterally in a 0.5 pl volume per side delivered over 1 min.
The injection cannula was left in position for an additional 30 s before
withdrawal to minimize dragging of the injected liquid along the injec-
tion tract,

Light—dark inhibitory avoidance. Animals were placed in an inhibitory
avoidance apparatus with a metal grid floor. The apparatus was divided
into a light side and a dark side, and the rats were placed in the light side,
facing the left rear corner of the box.

For conditioning (Cond), when the rats crossed over to the dark side of
the box (with four paws on the grid), they received a 2 5, 0.7 mA scram-
bled faotshock. After administration of the footshack, the opening be-
tween the two sides of the box was blocked, and the rats remained in the
dark side for an additional 60 s, after which they were removed back to
the home cage.

For extinciion, rats were submitted to a non-reinforced test trial every
24 h for three days (Ext1-Ext3), beginning 24 h after conditioning. Each
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rat was placed in the light side of the box, and the time elapsed until i
crossed aver to the dark side (Le., latency) was measured, If, after 180's,
the rat did not cross over on ils own, the experimenter gently guided it to
the dark side. The apening between the two sides of the shuttle was then
blocked, no footshock was administered, and the rat was allowed to
explore the dark side freely for 180 s, after which it was removed back to
the home cage.

A drug (the CB, receptor antagonist AM251 or one of the agonists
WINS5,212-2 or AM404) was microinjected inio the BLA at different
time points to address various phases of memory processing. Drugs were
administered 20 min before conditioning(Pre-Cond}, 20 min before the
first extinction trial (pre-Ext1), or immediately (i.e, 2 min) after the first
extinction trial {post-Ext1}. The vehicle was administered at the same
time points.

Elevated platform stress, An elevated platform (EP) (12 X 12 cm) sires-
sor was used to examine the effects of expostire to a stressful experience
on 1A conditioning and extinction. Individual animals were placed on an
elevated platform for 30 min in a brightly lit room, which elicits stress
responses in the form of behavioral “freezing,” that is, immobility for up
10 16 min, defecation, and urination {Maroun and Akirav, 2008).

Exposure to the EP occurred immediately before conditioning {Pre-
Cond), immediately before Extl (Pre-Extt), or immediately after Ext1
(Post-Ext1). The EP groups (ie, EP Pre-Cond, EP Pre-Extl, and EP
Post-Ext1} experienced the EP stressor in the absence of any micro-
injection, whereas the WIN+EP groups were microinjected with
WINS55,212-2, 2 min before experiencing the BP stressor. The vehicle
groups were microinjected with vehicle when the WIN+EP groups
reccived WIN but did not experience the EP stressor,

Open field. The open field consisted of a closed woaden box. The walls
were painted black, and the floor was white and divided by t-cm-wide
black lines into 25 squares measuring 10 X 10 cm each. A video image of
the entire open field was displayed om a television menitor, and the
movements of the rat, which was initially placed in a corner of the ficld,
were manually recorded and analyzed to measure motor activity over a
period of 5 min. Recordings were made of the time the rat spent in the
central and the peripheral squares, the number of instances of rearing,
and the total distance covered. The open-field arena was thoroughly
cleaned between each triak

Rats were microinjected with the different drugs into the BLA and,
after 20 min, tested in the open-field arena. For rats that were placed on
the BP for 30 min with or without previous microinjection of
WIN55,212-2 into the BLA, the open-field test was performed immedi-
ately after the EP stressor.

Pain sensitivity. Pain sensitivity was assessed by determining the foot-
shock intensity (in milliamperes) that elicited a discomfart response (i.e.,
flinch or vocalization) {Kim etal,, 1991). Rats were individually placed in
a Plexiglas box (25 X 25 X 34 cm) with a floor consisting of 13 stainless
steel rods of 5 mm diameter, spaced every 1 cm, Each rat received a
continuously ascending mild electric footshock (beginning at 0.0 mA and
ending as soon as the animal flinched or vocalized) via the metal grid
floor to determine current thresholds at which each animat would exhibit
a flinch or a vocalization Tesponse. Two observers scored flinch and
vocalization thresholds, Rats were taken for the pain sensitivity test 5 min
after the open-field test.

Carticosterone measurement. Trunk blood was collected after decapi-
tation belween 9:00 and 11:00 A.M. for 4 consecutive days {from one-
quarter of the rats per group per day). Samples were centrifuged at 3000
rpm for 20 min at 4°C. Serum was stored at —80°C and analyzed for
CORT using ELISA kits (DSL Inc.).

Histology. On completion of the inhibitory avoidance experiments, the
animals were deeply anesthetized with 4.8 mlfkg Equithesin {see above}
and microinjected into the BLA with 0,5 pd ofink, to verify the location of
the cannulac, Bigure 1 shows a representative schematic drawing of the
placements of the cannulae in the BLA {coronal view at position 3.14 and
3,30 mm posterior to bregma) (Paxinos and Watson, 1998}

Statistical analysis. The results arc ¢xpressed as means * SEM. For
statistical analysis, repeated-measures ANOVA, one-way ANOVA, and ¢
tests were used as indicated. All post froc compatisons were made using
the feast-significant difference multiple-comparison test.
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Results

Cannabinoid receptor agonist
WIN55,212-2 microinjected into the
BLA has no effect on inhibitory
avoidance conditioning or extinction
Birst, we asked whether stimulation of
cannabinoid receptor signaling in the
BLA might accelerate the TA extinction
rate or affect IA conditioning. Thus, vehi-
cle or the CB/CB, receptor agonist
WING5,212-2 were microinjected into the
BLA before conditioning, before Ext1, or
immediately after Ext1.

~ Microinjecting vehicle into the BLA
before conditioning, before Extl, or im-
mediately after Ext1 had no effect on the
latency of the rats to enter the dark side of
the box (F(y ¢y << 1; NS). Consequently, all
vehicle groups for the light—dark TA ex-
periments involving WIN55,212-2 {5 pgf
0.5 pl) were pooled for all analyses
{vehicle, n = 12). For WIN55,212-2 {5
pgf0.5 pl) microinjected before condi-
tioning (Pre-Cond WIN_3,n = 8}, before
Extl {Pre-Extl WIN_S, n = 9}, or imme-
diately after Ext} {Post-Ext] WIN 5,1 =
9), repeated-measures ANOVA [treatment X days {4 X 4}] did
not reveal a significant difference between the groups in terms of
their latency to enter the dark side of the box (F3 34y << 1; NS)
{Fig, 2a). Also, there were no within-subject differences in the
latency between the days (F; 34 < 1;NS), nor was there an interac-
tion effect {F334 < 1; NS). Because of the apparent reduction in
fatency in the Pre-Ext1 WIN_5 group on the first extinction day, we
analyzed the latency on Extl using one-way ANOQOVA, which did not
reveal a significant effect (F(3 55y = 1.43; NS).

Because dose-response issues may have been responsible for
the failure of & microinjection of WIN55,212-2 into the BLA to
affect latency, we examined the effects of other doses. Thus, the
effect on latency was examined after microinjection of a lower
(2.5 ug/0.5 pt (WIN_2.5), n = 7] or a higher {10 pgfo.5 pl
(WIN_10), n = 7] dose of WIN55,212-2 into the BLA after Extl.
Repeated-measures ANOVA [treatment X days (3 % 4}] did not
reveal a significant difference between the groups in terms of their
latency to enter the dark side of the box (Fpy 51y < 13 NS) (Fig. 2h).
Also, there were no within-subject differences in the latency be-
tween the days (F(, 5y = 1.81; NS), nor was there an interaction
effect (Fy; 51y < 1; NS). Thus, together with the results from Fig-
ure 2q, WIN55,212-2 microinjected into the BLA appears to have
no effect on 1A conditioning or extinction by itself.

A previous report (Chhatwal et al, 2005) showed that the
CB,/CB, receptor agonist WIN55,212-2, and an inhibitor of en-
docannabinoid reuptake and breakdown, AM404, have different
effects on the extinction of contextual fear. Hence, we examined
the effects of AM404 on the conditioning and extinction of IA.

Microinjecting vehicle into the BLA before conditioning, be-
fore Extl, or immediately after Extl had no effect on the latency
of rats to enter the dark side of the box (F; 1) < 1; NS). Conse-
quently, all vehicle groups in the light—dark IA experiments in-
volving AM404 were pooled for all analyses (vehicle; n = 13).

For AM404 microinjected before conditioning (Pre-Cond
404, n = 12), before Extl (Pre-Extl 404, n = 7}, or immediately
after Bxtl (Post-Bxtl 404, n = 10), repeated-measures ANOVA
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Figuret, Representative schematicdrawing of cannulae tip positions in the BLA. A coramat view at positien 3.14.and 3.30mm

[treatment X days (4 X 4)] did not reveal a significant difference
between the groups in terms of their latency to enter the dark side
of the box (Fy 2y < L3 NS) (Fig. 2¢). Also, there were no within-
subject differences in the latency between the days (35 < Ii
NS), nor was there an interaction effect (Fz 35 = 1.157; NS).
Because of the apparent reduction in latency in the Pre-Extl 404
group on the first extinction day, we analyzed the latency on Extl
using one-way ANOVA, which revealed a significant group effect
(Fi3 55 = 4.04; p = 0.014). Post ioc comparison showed a signif-
icant difference between the vehicle and the Pre-Ext1 404 group
{ p = 0.002) on Extl, indicating a reduction in the latency to enter
the datk side after microinjection of AM404 that recovered the
following day. Using a higher dose of AM404 (800 ng/0.5 pl)
before the first extinction trial resulted in a similar etfect, ie.,
reduced latency to enter the dark side on Extl (vehicle, 118.03 *
4.1, # = 7; Pre-Extl 404_800,31.74 % 3.72 5,1 = T3ty = 5.17;
p < 0.0001}, with no effect on Cond, Ext2, or Ext3 {data not
shown). Thus, except for the transient effect on latency on Extl,
AM404 had no effect on 1A conditioning or extinction.

Because the cannabinoid receptor agonist WINS55,212-2
microinjected into the BLA had no effect on IA conditioning
or extinction, we next examined whether the CB; receptor in
the BLA is essential for IA conditioning or extinction. Hence,
rats were microinjected with vehicle or the CB, receptor an-
tagonist AM251 before conditioning, before Extl, or immedi-
ately after Extl,

Microinjecting vehicle into the BLA before conditioning, be-
fore Extl, or immediately after Ext1 had no effect on the latency
of rats to enter the dark side of the box (F ;) < 15 NS). Conse-
quently, all vehicle groups for light—dark A experiments involv-
ing AM251 were poaled for all analyses (vehicle; n = 14).

For AM251 microinjected rats, repeated-measures ANOVA
[treatment X days (4 X 4)] revealed a significant difference be-
tween the groups in terms of their latency to enter the dark side of
the box (Fg3 35, = 9.63; p << 0.001) (Fig. 2d). Post hoc comparison
unveiled a significant difference between the vehicle group and
the groups microinjected with AM251 before conditioning (Pre-
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Figure 2, Cannahineid receptor aganist WINS5,212-2 microinjected inte the BLA has noeffect oninhibitory avoidance condi-
tioning or extinction, a, Rats were microinjected into the BLA with vehide (o = 12), with WINS5,212-2 (5 11gf0.5 jul} before
conditioning {Pre-Cond Wi_5, n = 8), before the first extinction trial (Pre-Exti WIN_S, n = 9), o Immediately after that trial
{Post-Ext1 WIN_5, » = 9). There were no significant differences between the latencies of the groups. b, Rats were microinjected
into the BLA with vehicle {n = 10} or witha lower (2.5 paf0.5 pb WIN_2.5, n = 7) ora bigher {10 pg/0.5 ul; WIN_10,n = 7)
dose of WINS5,212-2 immediately after Ext1, There wete no significant differences between the fatencies of the groups. ¢, Rats
were rfcroinjected intothe BLAwithvehide {a = 13) orwith AMA04 {200ng/0.5 ptf) before conditioning {Pre-Cond 404, n = 12),
before the first extinction trial {Pre-Ext1 404, n = 7}, orimmediately after that trial (Post-Ext1 404, n = 10). The fatency of the
Pre-Ext1 404 group was significantlyshorter thanthat of thevehide group on the first extinction day (Ext1, % << 0.01} (for detals,
see Results). d, Rats were micrainjected into the BLAwTthvehicle {n = 14) or AM251 (6 ng/0.5 pai) before conditioning (Pre-Cond
251, # = 10), before the first extinction trial (Pre-ExtT 253, 7 = 10}, orimmediately after that triat {Post-Bxt1 251, # = 8). The
fatencles of all the AM251-injected qroups were significantly ferger than that of the vehide group, indicating enhancement of
inhibitory avoidance acquisition and/or consolidation and impaired extinction. (Bx41, % << 0.05, vehicle different from Pre-Cond
251 and Pre-Ext1 groups; Ext2, °p < 0.001, vehicle different fram all the greups; Bxt3, p << 0.05, vehicle different from Pre-Cond
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Cannabinoid receptor agonist
WIN55,212-2 microinjected into the
BLA blocks the effects of stress on
inhibitory avoidance conditioning and
extinction

To examine the effects of exposure to a
stressful experience on the conditioning
and extinction of IA, rats were exposed to
the EP stress before conditioning, before
Extl, or immediately after Extl. To exam-
ine whether cannabinoid receptor agonist
would reverse the effects of stress on 1A
conditioning and extinction, WIN55,212-2
was microinjected into the BLA immedi-
ately before placing the rats on the EP
{WIN+EP groups).

Before conditioning, rats were micro-
injected with vehicle (n = 12}, placed on
the EP for 30 min (EP Pre-Cond, n = 9},
or microinjected with WINS55,212-2 {5
pg/0.5 pl) and immediately afterward
placed on the EP for 30 min (WIN_5-+EP,
n = 7), Repeated-measures ANOVA
ftreatment X days (3 X 4)] revealed a sig-
nificant difference between the groups in
terms of their latency to enter the dark
side of the box (Fey 55 = 4.57; p = 0.02)
(Fig. 3a). Post hoc comparison unveiled a
significant difference between the vehicle
and the EP Pre-Cond group ( p = 0.006).

One-way ANOVA applied on the dif-
ferent days revealed that the significant
main effect stemmed from a difference in

251; % << 0.01, vehicle different from Pre-Ext1 25 and Post-Ext1 251 groups).

Cond 251, n = 10; p < 0,001), before Ext1 {Pre-Ext1 251, n = 18
p << 0,001), or after Extl (Post-Extl 251, n = 8; p = 0.001).

One-way ANOVA applied on each day revealed that the
significant main effect stemmed from a difference in latency
between the AM251-treated groups and the vehicle group
throughout the extinction days (Extl, F 35 = 3.12, p = 0.037;
Ext2, F; 1q) = 944, p < 0.001; Ext3, F(3 35, = 4.5, p = 0.008) but
not on the conditioning day. Post hoc comparison revealed a
significant difference between the vehicle group and the Pre-
Cond 251 and Pre-Extl 251 groups ( p = 0.02) on Extl, and
between the vehicle group and all the treatment groups on Ext2
{ p < 0,001} and Ext3 (Pre-Cond 251, p = 0.039; Pre-Extl 251,
p = 0.005; Post-Ext} 251, p = 0.004).

Thus, AM251 microinjected before conditioning enhanced 1A
acquisition and/or consolidation, as indicated by a higher latency
to enter the dark side of the box on Extl, and impaired extinction,
as indicated by a higher Iatency to enter the dark side on Ex{2 and
Ext3. When AM251 was microinjected before the first extinction
trial, it enhanced IA retrieval and impaired extinction. Finally,
AM251 microinjected after Ext1 impaired the consolidation of IA
extinction, as shown by the increased latency on Exi2 and Ext3
{but not before microinjection on Extl). Repeated-measures
ANOVA also revealed significant within-subject differences in the
latency betsveen the days (F(; 15 = 22.09; p < 0.001) and asignificant
interaction effect (F3 35 = 4.92; p = 0.005}. Hence, the cannabinoid
receptor in the BLA is crucially involved in the conditioning and
extinction of 1A.

latency between the groups on Extl

(Fia25) = 4.184; p = 0.027) but not after-

ward. Post hoc comparison showed signif-
icantly increased latency in the EP group compared with the
vehicle group { p = 0.008). There were no within-subject differ-
ences in the latency between the days (F, 55y << 1; NS), nor was
there an interaction effect (F, 55, = 1.48; NS). Thus, exposure to
the EP stressor before conditioning enhanced IA acquisition
andfor consolidation on Extl, and microinjecting WIN55,212-2
into the BLA before exposure to the EP reversed the effects of the
siressor on IA conditioning, because no significant differences
were observed between the vehicle and WIN_5-+EP group
threughout the days of the experiment.

The experiment was then repeated on another st of rats with
stress exposure and drug administration placed before the first
extinction day. Before Extl, rats were microinjected with vehicle
(n = 12), placed on the EP for 30 min (EP Pre-Extl, n = 9), or
microinjected with WIN55,212-2 (5 pg/0.5 pl) and immediately
afterward placed on the EP for 30 min (WIN_5+EP, n = 10).
Repeated-measures ANOVA [treatment X days {3 X 4)] did not
reveal a significant difference between the groups in terms of their
latency to enter the dark side of the box (Fy; 55, = 1.04; NS) (Fig.
3b). Also, there were no within-subject differences in the latency
between the days (F;, 55y = 13 NS}, nor was there an interaction
effect (F(5 .5 = 1.04; NS). However, rats that were placed on the
EP avoided entering the dark side on Extl altogether {all rats
reached the maximum latency of 180 s). Thus, using one-way
ANOVA on the different days, we found a significant effect on
latency on Extl (F, 55y = 4.81; p = 0.017). Post hoc comparisons
revealed significantly increased latency in the EP group compared
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with the vehicle (p = 0022) and g 2004 """
WIN_5+EP (p = 0.007) groups on the o 1% IMNSORIS
first extinction day, Thus, exposure to the £ ..o

EP stressor before the first extinction trial &

enhanced IA retrieval and microinjecting 2

WING55,212-2 into the BLA before expo- g

sure to the EP blocked the effects of the i

stressor on retrieval, because no signifi-

cant differences were observed between
the vehicle and WIN_S+EP groups

Ext

Cond

throughout the days of the experiment. C 200 - sosermts
The experiment was then repeated  _ 180 ] e
again on a third set of rats with stress ex- g 160 § swrwin
posure and drug administration placed 7;5; :;g ]
after the first extinction day. After Extl, 3 100
rats were microinjected with vehicle {n = g 207
14), placed on the EP for 30 min (EP Pre- 3 ig |
Extl, n = 8), or microinjected with 20 |
0 4

WINS5,212-2 (5 pg/0.5 pl) and immedi-
ately afterward placed on the EP for 30
min (WIN_5+EP, # 8). Repeated-
measures ANOVA [treatment X days
(3 % 4)] did not reveal a significant differ-
_ ence between the groups in terms of their
latency to enter the dark side of the box
(Fa2n = 1.86 NS) {Pig. 3¢). Also, there
were no within-subject differences in la-
tency between the days (F o7 < 1 NS,
nor was there an interaction effect
(Fp27y = 1.37; NS). However, rats that
were placed on the EP showed increased
latency to enter the darkside of theboxon
Ext2, and, using one-way ANOVA on the
different days, we found a significant ef-
fect on the latency on Ext2 (Fg 27y = 3.4
p = 0.048). Post hoc comparisons revealed
significantly increased latency in the EP
group compared with the vehicle (p =
0.0i9) and WIN_5+EP (p 0.05)
groups.

Thus, exposure to the EP stressor after
the first extinction trial disrupted the con-
solidation of extinction, and microinject-
ing WINGS5,212-2 before exposure to the
EP reversed the impairing effects of the
stressor, because no significant differ-
ences were observed between the vehicle
and WIN_5+EP groups on the second
and third extinction days.

Next we examined whether a lower
dose of WIN55,212-2 (2.5 pg/0.5 pl) mi-
croinjected into the BLA after Extl would
also block the impairing effects of the
stressor on the consolidation of 1A ex-
tinction, After Extl, rats were microinjected with vehicle (n =
8), placed on the EP for 30 min (EP Post-Extl, # = 8}, ar
microinjected with a lower dose of WIN55,212-2 and imme-
diately afterward placed on the EP for 30 min (WIN_2.5+EP,
# = 8). Repeated-measures ANOVA [treatment X days {3 X 4)]
did not reveal a significant difference between the groups in terms
of their latency to enter the dark side of the box (Fy 21y = 1.03;
NS) (Fig. 3d). Also, there were no within-subject differences in
latency between the days (F 0 = 2.7 NS), nor was there an

Thus, WINS5,212-2 administer

stressor exposure reversed the
jected with vehide {n = 14),

terednto the BLA before stress

from WiN_2.5+EP} Thus,

neally injected with WIN and i

stressos on IA extinction.

Figure3. Cannabinoidreceptoragonist WINS5,21
conditioning, rats were microinjected with vehicle
WINS5,212-2{5 p2/0.5 ) and immediately afterward placed on the EP (WIR_5+EP,n =
significantly increased Yatency to enter the dark side on the first extinction day compared with the vehicte group {Extt, %p << 0.01).

sitionand/or consolidation. b, Before the first extinction trial, rats were microinjected with vehide {n = 12),
Pre-Ext1, # = 9), or microinjected with WIN55,212-2{5 pngf0.5 pelh an
1 = 10). The EP Pre-Ext1 group showed a significantly inreased latency to enter the datk side on the first extinciion day {Extt,
¥ < 0,05, EP differs from vehicle; by < 0.01, EP differs from WIN_5+EP). Thus, WINS5,212

fmmediately afterward placed on the EP (WIN_5+EP.n =
enter the darkside on the second extinction day compared

trial, rats were microinjected with vehicle {m = 8), placed
WINSS,212-2 (25 prg/0.5 pdb and immediately afterwar
showed a significantly increased latency toenter the dark side onthe second extinction day (Ext2,°p << 0.04, EP Post-Ext! differs
alower dose of WINS5,212-2 administered into the BLA before stressor exposu
disrupting effect of the strassor ot extinctlon. e, After the frst extinction irial, rats were intraperitoneally injected with vehide
{n = 9), placed on the EP (EP Post-btt,n = 8}, intraperitonealty injected wi

significantlyinereased latency to enter the
0.01). Thus, intraperitoneal administration of WINS5,212-2 before stressor exposure also reversed the disrupting effect of the
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reversed the enhancing effect of the stressoron 1A acgui-
placed on the EP {EP
d immediately afterward placed on the EP (WIN_5+EP,

ed into the BLA before stressor exposure

-2 administered into the BLA before
enhanging effect of the stressor on 1A retrieval. €, After the first extinction trial, rats were microin-
placed on the £P (EP Post-Extt, o = 8), or microinjected with WINS5,212-2 {5 p1gf0.5 phand
8). The £ Post-Ext1 group showed a significantly increased fatency to
with the other groups (Ext2, °p << 0.05). Thus, WiK55,212-2 adminis-
orexposure reversed the distupting effedt ofthestressoronthextinetion. d, After the firstextinction
on the EP (EP Post-Ext1, n == 8}, or micreinjected with a fow dose of
d placed on the EP (WIN_2.5+EP, n = 8). The EP Post-Extt group

re also reversed the

th WIN (0.25 mg/kg; WIN P, n = 8), orintraperito-
mmediately afterward placed on the EP (WIN 1P-+EP, i = 7). The EP Post-Ext1 group shevied 2
dark side on the secondextinction day campared withall the other groups Ba2,%p <

interaction effect (F.1) << 1; NS). However, rats that were placed
on the EP showed increased latency to enter the dark side of the
box on Ext2 (i.e., all EP Post-Extl rats reached the maximum
latency of 180 s). Thus, using one-way ANOVA on the different
days, we found a significant effect on the latency on Ext2
(P =44%p= 0.027). Post hoc comparisons revealed signif-
icantly increased latency in the EP group compared with the
WIN_2.5+EP group (p = 0.009) and a marginally significant
difference compared with the vehicle group (p = 0.061). Thus,
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Table 1. The effects of cannabinoid receptor agenists and antagonist microinjected into the BLA on locomotion and anxlety in the open-fiefd test

Vehicle {n = 6} AM404{n =6} WiNS5,212-2{n = 6) AM251{n =6)
Time in centez {s) 783+ 125 633 =131 466 + 1.08 45+ 128
Time in periphery (s} 29216 + 1.5 293,66 & 131 29533 = 108 955 1.8
Number of rearing events 033174 21.66 + 2.3 224169 1916 + 2.10
Distance covered (5} 175833 + 11432 191666 * 15846 1675 = 107.04 1728.16 = 231,16

Rats microtnjected into the BLAwith the (B, receptor antagonkt (AMIST, 0 = 6), 02 of the agonists (WIS, 212-2 01 AV, p = G eadh) or vehide (2 = 6) showed no dffererces in any of the parameters measired in the cpen-fiekd test.

microinjecting a lower dose of WIN55,212-2 into the BLA before
exposure to the EP also reversed the impairing effects of the stres-
sor on the consolidation of extinction.

Finally, we were interested in investigating whether the
same effects would be seen after systemic treatment with
WIN55,212-2 (0,25 mg/kg, i.p.). Hence, immediately after
Extl, rats were intraperitoneally injected with vehicle (Vehicle
IP, n = 9), placed on the EP for 30 min (EP Post-Extl, n = 8),
intraperitoneatly injected with WIN55,212-2 (WINIP,n = 8),
or intraperitoneally injected with WIN55,212-2 and immedi-
ately afterward placed on the EP for 30 min (WIN IP+EP, n =
7). Repeated-measures ANOVA [treatment X days (3 X 4)]
revealed a strong trend in terms of the latency to enter the dark
side of the box (F; 29y = 2.61; p = 0.07) {Fig. 3e). One-way
ANOVA applied on the different days revealed a significant
difference in latency between the groups on Ext2 (Fi5,.4 =
5.94; p = 0.003). Post hoc comparison showed significantly
increased latency in the EP group compared with the other
groups (p = 0.002). Thus, systemic administration of
WIN55,212-2 before exposure to the EF also reversed the
impairing effects of the stressor on the consolidation of
extinction. Repeated-measures ANOVA also revealed a signif-
icant interaction effect (F5, = 5.68 p = 0.004) but no
within-subject differences in latency between the days
(F(I,ZB) = 1.4 NS).

The effects of the different manipulations on anxiety and
sensorimotor parameters

Next, we performed two types of control experiments (the open-
field and pain sensitivity tests) to exclude the possibility that the
effects of the drugs on IA acquisition, consolidation, or extinction
were caused by sensorimotor deficits or by increased anxiety un-
der the experimental conditions used. Hence, rats were microin-
jected into the BLA with the CB, receptor antagonist (AM251,
n = 6; 6 ng/0.5 pl), agonists [WIN_5, n = 6 (5 pg/0.5 pl) and
AMA404, 1 = 6 (200 ng/0.5 )], or vehicle (n = 6) and then tested
in the open-field arena and in the pain sensitivity test. One-way
ANOVA did not reveal a significant difference in any of the pa-
rameters meastured in the open-field test (Table 1), namely, time
spent in the center (Fg; ) = 1.65; NS), time spent in the periph-
ery (F3 20y = 2.8; NS), number of rearing events (Fi.20) < 13 NS),
or the distance covered (Fg; 50y = 2.44; NS). Also, ANOVA did
not reveal significant differences in pain sensitivity (Fis20) << 15
NS) (Table 2},

Although WINS55,212-2 microinjected into the BLA had no
effect on locomotion, anxiety, or pain sensitivity by itself, the
combination of WIN55,212-2 and the EP could conceivably have
a different effect on those parameters than either component
alone. Hence, experiments were undertaken in which the rats
were microinjected into the BLA with vebicle (# = 6), placed on
the EP (s = 5), or microinjected with WIN55,212-2 and placed
on the EP (WIN_5+EP, n = 6) and then tested in the open-field
arena and in the pain sensitivity test, In the open field, one-way
ANOVA did not reveal a significant difference between the

Table 2, The effects of cannabinoid receptor agonists and antagonist microlnjected
into the BLA on pain sensitlvity

Vehide AM404 WINSS, 2122 AM2ST
=6 {n=18) {n==6) {n=0)
Painthreshald forfeot 036 =004 031003 030001 034:x003
shock {(mA)

Rats migcinjertedinto the BLAwith the (B teceptor antagonist {41251, » = 6}, onecfthe agonlsts (WINS5,212-2
of AMA04, 2 = Gexch), or vehide {n = 6) showed similar pain sensitivity responses fo electric footshodk.

Table 3. The effects of WIN 55,212-2 and the EP on tecomotion and anxletyin the
open-field test

Vehicte i WIN5S5,212-2 +

{n =16} n=75) EP{n = 6)
Time in center {s} 95+ 0.76 78+ 418 55 £ 191
Time in periphery {s} 2905 =076 2922 +4.18 2945 = 1.91
Number of rearingevents  19.16 = 1.25 104 + 2.28% 1283 = L.1*
Distance covered (5) 1525 + 163,17 1080 + 18062 125833 * 84.07

Rats placed on the EP{n = 5) showed incieased rearingin the open-field test compared with groups that seceived
amieoinjectionofvehide(n = 6) or WINS5,212-2 beforebeing placed onthe platform (WIN_S -+ EFjn = 6}p <
0.05, vehide group differs from Wil_5-+EP group; **p << 0104, vehidle group differs from EP group).

Table 4, The effects of WiN55,212-2 and the EP on pain sensitivity

Vehicle tP EP+WINSS,212-2
{n==6) (n = 5} {n=46)
Pain threshold for 0.26 = 0.0 0.24 + 0.01 0.24 =001
foot shock (mA}

Rats micralnjocted into the BUA with vebidde {n = 6}, placed on the 7 {n = 5), o1 microlnjected with WIK55,212-2
and placed on the £ QWIN_S + £8, n = 6) showed similar pain sensitivity responses toelectric foolshock,

groups in terms of time spent in the center {Fy 14 << 13 NS), time
spent in the periphery (F(;,,4, < 13 NS), or the distance covered
(Fi2,14y = 2.17; NS) (Table 3). However, a significant difference
was found between the groups in terms of the number of rearing
events (Fiy,14) = 7.74; p = 0.005). Post hoc comparisons revealed
that the vehicle group reared significantly more times than the EP
(p = 0.002) and the WIN_5+EP ( p = 0.013) groups. Rearing
behavior characterizes individual differences in reactivity to nov-
elty, and, thus, more frequent rearing may indicate greater nov-
elty seeking behavior (i.e., less anxiety) (Thieletal., 1999). The EP
group showed a reduced number of rearing events and a trend
toward a reduced distance covered in the open-field test com-
pared with the control group, thus suggesting an increased stress
level that may have contributed to the enhanced IA acquisition or
consolidation and disrupted extinction shown in the previous
figures.

Finally, one-way ANOVA did not reveal significant differ-
ences in pain sensitivity (Fp, 14y < 1; NS} (Table 4},

WINS55,212-2 microinjected into the BLA or administered
intraperitoneally reduces stress-induced increases in
corticosteronelevels

Because it has been suggested that the augmentation of endo-
cannabinoid signaling can suppress stress-responsive systems
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Figure4, Theeffectsof the cannabinoid receptor agonist WINS5,212-2and EP stress on
CORT levels. a, CORT levels were measured in rats microinjected with vehicle into the BLA
{vehicle, # = 12), placed onthe EP (n = 8), microinjected with WIN55,212-2(5 pg/0.5
plyintothe BLA (WIN_S, n = 8), microinjected with WiN55,212-2 {5 po/0.5 pul) intothe
BLA and placed on the EP {WIN_5+EP, n = 7}, microinjected with a lower dose of
WINS5,212-2 (2.5 126/0.5 p}} into the BLA (WIN_2.5, n = 6}, or mitroinjected with the
fower dose of WIN55,212-2 and placed on the P (WIN_2.5+£P, n = 6}, Data reptesent
the means + SEM expressed as & percentage of the CORT values of the vehide animals
{CORT levels in the vehide group, 95.52 = 16.7 ng/mi} (°p << 0.001, EP group differs frem
alk other groups: “p << 0.05 and p << 0.001, vehicle group differs from all other groups;
dp <2 .01, WIN_S group differs from WIN_2.5 and WIN_2.5+EP groups; °p < 0.05,
WIN_5+ £P group differs from WIN_2.5 and WIN_2.5+£P groups}. b, CORT fevels were
measured in rats injected intraperitoneally with vehicle {Vehicle [P, n = 10,
WIN55,212-2 (WINIP, n = 7), orinjected with WINSS,212-2 intraperitoneally and placed
on the £P {WIN IP+EP, n = 7). Data represent the means * SEM expressed as a percent-
age of the CORT values of the vehicle animals (CORT levels in the vehicle group, 381.01 =
64.39 ng/ml} (°p << 0.001, vehicle group differs from all other groups).

(Patel et al., 2004; Cota, 2008; Steiner and Wotjak, 2008}, we
sought to examine whether WIN55,212-2 given in conjunc-
tion with EP had a different effect on CORT levels than did
exposure to the stressor alone.

In the first COR'T experiment, rats were microinjected with
vehicle to the BLA (vehicle, n = 12), placed on the EP (# = 8),
microinjected with WIN55,212-2 (5 pg/0.5 pl) into the BLA
(WIN_5, n = 8), microinjected with WIN55,212-2 {5 png/0.5
pl) and placed on the EP (WIN_5 +EP, n = 7), microinjected
with a lower dose of WIN55,212-2 (2.5 ug/0.5 pl) into the BLA
(WIN_2.5, # = 6), or microinjected with the lower dose of
WIN55,212-2 and placed on the EP (WIN_2.5+EP, n = 6).

Thirty minutes after microinjection (vehicle and WIN
groups) or immediately after the EP (EP and WIN+EP groups),
trunk blood was collected for CORT measurement. One-way
ANOVA on CORT levels unveiled a significant difference be-
tween the groups (Fis 413 = 32.7; p << 0.001) (Fig. 4a). Post hoc
comparisons revealed that rats that were exposed to the EP in the
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absence of previous WIN microinjection, ie., the EP group,
showed the highest CORT levels when compared with all
the groups { p < 0.001). The vehicle group showed the lowest
CORT levels and was significantly different from all the
groups (WIN_5 and WIN_5-+EP, p < 0.001; WIN_2.5 and
WIN_2.5+EP, p < 0.05). Also, the WIN_2.5 and
WIN_2.5+EP groups showed significantly lower CORT levels
than the WIN_S (p < 0.01) and WIN_5+EP groups (p <
0.05). Hence, WINS55,212-2 microinjection into the BLA (2.5
pg/0.5 plor 5 pgf0.5 pl) in itself increased CORT levels com-
pared with those of the vehicle group, but it reduced CORT
levels in rats that were exposed to the EP stress when compared
with rats exposed to the EP without WIN microinjection,
Furthermore, although both WIN doses reversed the stress-
induced increase in CORT levels, the effect was dose depen-
dent, because a lower dose of WIN resulted in less CORT
activation than did the higher dose of WIN.

In the second CORT experiment, rats were injected intraperi-
toneally with vehicle (Vehicle IP, # = 10) or WIN535,212-2 (WIN
IP, # = 7}, or injected with WIN55,212-2 and placed on the EP
(WINIP+EP, n =7).

Thirty minutes after injection (vehicle and WIN groups) or
immediately after the EP (WIN+EP group), trunk blood was
collected for CORT measurement. It seems that the injection of
the vehicle intraperitoneally is stressful by itself because the
intraperitoneal vehicle group showed relatively enhanced
CORT levels (CORT levels in the vehicle group, 381.01 *
64.39 ng/ml). Nevertheless, one-way ANOVA on CORT levels
unveiled a significant difference between the groups (Fz2,y =
39.11; p < 0.001) (Fig. 4b). Post hoc comparisons revealed that
the vehicle rats showed significantly lower CORT levels than
the WIN IP and WIN IP+EP groups { p < 0.001). Hence,
WING5,212-2 injected intraperitoneally in itself increased
CORT levels compared with those of the vehicle group, but it
reduced CORT levels in rats that were exposed to the EP stress
when compared with rats exposed to the EP without WIN
injection {EP} (shown in Fig. 4a).

Finally, we examined whether the effects of AM251 microin-
jected into the BLA on 1A conditioning and extinction are asso-
ciated with alterations in CORT levels. ¢ test unveiled a significant
increase in CORT levels in rats microinjected with AM251 into
the BLA {AM251 BLA, 1 = 7; plasma CORT levels {% of vehicle),
199.8 £ 40.8 ng/ml] compared with the vehicle group (Vehicle
BLA, # = 10; CORT levels, 108 % 25.72 ng/ml) (t,5, = 2.16;p =
0.047). .
Discussion
The main finding of the present study is that cannabinoid recep-
tor activation in the BLA reverses the enhancing effects of envi-
ronmental stress on TA conditioning and its impairing effects on
extinction. We also find that WiN55,212-2 microinjected into
the BLA inhibits stress-induced corticosterone elevation, thus
suggesting that the reversal of the effects of stress on memory
caused by cannabinoid activation in the BLA may be associated
with influences on the HPA axis. Furthermore, the results
show the crucial involvement of the CB, receptor in the BLA in
the extinction of avoidance behavior because the CB, receptor
antagonist impairs IA extinction, The control experiments
demonstrate that the effects of WIN55,212-2 cannot be attrib-
uted to sensorimotor deficits, because these parameters
seemed unchanged by WINS5,212-2 microinjected into the
BLA. Together, these findings suggest that the BLA could be an
important neural substrate relevant to the effects of cannabi-
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noids on emotional responses and that cannabinoids may have
a potential therapeutic value in the treatment of fear- and
stress-related disorders.

The effects of CB, receptor antagonist AM251 on inhibitory
avoidance learning
Administration of the CB, receptor antagonist into the BLA
before conditioning or beforefafter the first extinction trial
potentiates the aversive response or blocks extinction of 1A,
Indeed, the importance of CB, receptors in the extinction of
aversive memories has been substantiated by several groups in
different behavioral paradigms using systemic administration.
CB, receptor antagonists were found to impair extinction in
fear-related (Marsicano et al,, 2002; Suzuki et al,, 2004; Chhatwal
et al., 2005; Reich et al., 2008} and non-fear-related paradigms
{Varvel and Lichtman, 2002}, with no effect on appetitively mo-
tivated learning tasks (Haélrer et al,, 2005; Niyuhire et al,, 2007;
Harloe et al., 2008). Reich et al. (2008} found that administrat-
ing AM251 enhances acquisition of freezing behavior and
impairs extinction in trace and delay pavlovian fear condition-
ing. However, several studies did not find the CB, receptor
antagonist to have any effect on memory acquisition or con-
solidation {Marsicano et al., 2002; Suzuki et al., 2004; De Ol-
iveira Alvares et al., 2008). Recently, it has been suggested that
the endocannabinoid system prevents the expression of inap-
propriate generalized and learned responses during aversive
learning and retention (Reich et al,, 2008), thus, possibly ex-
plaining the enhancing effects of the CB, receptor antagonist
on 1A learning and its impairing effects on extinction,
Memmory retrieval is thought to activate a second memory
consolidation cascade {i.e., reconsolidation} or it may initiate
the opposite process of extinction {Nader et al., 2000; Sara,
2000; Dudai, 2002; Alberini, 2005). Reconsolidation acts to
stabilize, whereas extinction tends to weaken, the expression
of the original memory. It has been suggested that, after re-
trieval, there is a brief time window for reconsolidation,
whereas extinction only occurs after prolonged reexposure,
and that the process that prevails is determined {at least
partly) by the duration of the reexposure (Suzuki et al,, 2004},
Here, the latencies of the control rats to enter the dark side
decreased over repeated tests, thus supporting the extinction
process. Accordingly, we suggest that AM251 microinjected
into the BLA impairs IA extinction rather than facilitates
reconsolidation,

The effects of cannabinoid receptor agonists WIN55,212-2
and AM404 on inhibitory avoidance learning

WINS5S5,212-2, in doses ranging from 2.5 to 10 pg/0.5 pl, admin-
istered into the BLA has no effect on IA conditioning or on ex-
tinction kinetics, AM404 microinjected before the first extinction
trial reduces the latency to enter the dark side on Extl, with
latency recovering the following day, Thus, the drug may elicit
a general decrease in the inhibitory response that temporarily
affects the rats’ latency. Chhatwal et al. {2005} have shown that
AM404 facilitates the retention of extinction of conditioned
fear, whereas WIN55,212-2 has no effect, However, Pamplona
etal. {2006} found that WIN55,212-2 facilitates the extinction
of both contextual fear memory and a reversal task in the water
maze, Using intracerebral injection, Kobilo et al. (2007} found
that WIN55,212-2 has no effect on the extinction of condi-
tioned taste aversion. Thus, the alleviating effects of cannabi-
noid receptor activation on extinction have not been abserved
consistently.
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Many studies have shown that the administration of CB, re-
ceptor agonists impairs memory {Lichtman et al., 1995; Hamp-
son and Deadwyler, 1999; Davies et al,, 2002). However, several
other studies have indicated differently, in particular with regards
to aversive or fear-based paradigms. For example, CB, receptor
agonist enhances the acquisition of contextual fear condition-
ing {Mikics et al., 2006) but has no effect on the acquisition of
other aversive tasks {De Oliveira Alvares et al., 2008; Yim et al,,
2008}. Thus, cannabinoids may have various effects that may
result from differences in experimental protocols (e.g., aver-
sive vs nonaversive protocols, mass vs spaced extinction trials,
time of drug injection or time between extinction learning and
testing, central or systemic drug administration, the use of
different drugs, etc).

Cannabinoid recepfor agonist in the BLA reverses the effects
of stress on inhibitory avoidance learning

Exposing rats to acufe stress before conditioning or beforefafter
the first extinction trial enhances inhibitory acquisition/consoli-
dation and disrupts extinction. This corroborates several studies
that examined the effects of stress on different memory processes
{Cordero et al., 2003; Izquierdo et al., 2006; Akirav and Maroun,
2007}. Although administering the cannabinoid receptor agonist
into the BLA has no effect on 1A conditioning and extinction by
itself, environmental stress and cannabinoid receplor activity
interact in their regulation of memory in the BLA. Thus, can-
nabinoid activation in the BLA acts to modulate the effects of
stress on conditioning and extinction. In support, Patel et al.
(2005) found a synergistic interaction between environmental
stress and CB, receptor activation in the amygdala, because
the combination of restraint stress and CB, agonist adminis-
tration produces robust Fos induction within the BLA and the
central amygdala.

The effects of cannabinoids and stress on
corticosterone levels
Intra-BLA WINS55,212-2 by itself dose dependently enhances
CORT levels when compared with the control group, because
the higher dose {5 pg/0.5 pl) resulted in more CORT secretion
than the lower dose (2.5 pg/0.5 pli). This is consistent with
findings that cannabineid activation in both human and ani-
mal models stimutlates glucocorticoid secretion (Murphy et
al., 1998), Most importantly, the CORT levels of rats microin-
jected with WINS55,212-2 into the BLA without exposure to
the EP stressor do not differ significantly from those of rats
microinjected with WIN55,212-2 and then exposed to the
stressor, Similarly we found that an intraperitoneal adminis-
tration of WIN55,212-2 (0.25 mgfkg) reversed the stress-
induced increase in CORT levels. Hence, acute stress elevates
corticosterone levels, and CB, receptor activation in the BLA
significantly reduces this stress-induced elevation. These find-
ings may suggest that cannabinoid activation in the BLA mod-
ulates the effects of stress on learning, at least partially, via
inhibition of the HPA axis. Similarly, Patel et al. (2004} have
demonstrated that mice treated systemically with CB, receptor
agonists show significantly decreased or eliminated restraint-
induced CORT release, In our study, the abolishment of the
effects of stress on CORT levels by WIN55,212-2 was localized
to the BLA. Interestingly, microinjecting the CB, receptor an-
tagonist AM251 (6 ng/0.5 pl) also resulted in the enhancement
of CORT levels.

A model that explains the possible interaction between the
endocannabinoid system, stress and the HPA axis has been
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suggested previously (Patel et al., 2005; Cota, 2008), On expo-
sure to an acute stressor, a reduction in endocannabinoid
signaling would resuit in increased synaptic activity at gluta-
matergic afferents to the paraventricular nucleus (PVN), thus
allowing stressful stimuli to activate the HPA axis (Di et al,,
2003; Patel et al., 2004). The BLA has received considerable
attention as a stress-regulatory structure, but there is limited
evidence of direct innervations of the PVN by the BLA or other
intra-amygdalar projections of the BLA, such as the medial
and central nuclei (Herman et al,, 2003). Hence, the mecha-
nism by which WIN55,212-2 administered into the BLA
inhibits the HPA axis during stress needs additional investiga-
tion. In any case, it is important to note that pharmacological
administration of exogenous cannabinoids may lead to a dif-
ferent action than that induced by the endogenous agents of
the endocannabinoid system. Thus, exogenous CB, receptor
activation, as in our study, may not resemble endocannabi-
noid siginaling and its role in HPA axis regulation {Steiner and
Wotjak, 2008).

it has been shown recently (Campolongo et al,, 2009) that the
endocannabinoid system is involved in modulating the consoli-
dation of memory for IA training and that CB, activity within the
BLA is essential for mediating glucocorticoid effects on long-
term YA memory. Specifically it has been shown that AM251
administered into the BLA prevented CORT effects on memory
consolidation. Steiner et al. {2008} have shown that mice lacking
CB, in cortical glutamatergic neurons showed decreased immo-
bility in the forced swim test with normal corticosterone release
compared with controls. In our study, AM251 into the BLA was
found to facilitate and impair [A conditioning and extinction,
respectively, and to increase CORT levels. Exposure to the EP
stress had similar effects on both 1A learning and CORT levels,
Together, it scems that additional investigation regarding the
possible interaction between the CB, receptor antagonist and the
HPA axis is required.

The modulation of emotional processes by cannabinoids
Cannabis is widely used, primarily because of its euphorant,
anti-anxiety, and stress-reducing properties (Green et al,,
2003}. The effects of cannabinoid agonists on anxiety are bi-
phasic, with low doses being anxiolytic and high doses anxio-
genic (Viveros et al., 2005). Although the precise mechanisms
by which CB, receptors modulate neuronal activity within the
BLA are not fully understood, various studies have reported
that cannabinoids serve to attenuate the neuronal and behav-
ioral responses to aversive environmentat stimuli {Patel et al.,
2005). Indeed, pharmacological augmentation of cannabinoids
rechuces anxiety-related behavioral responses (Berrendero and Maldo-
nado, 2002; Kathuria et al,, 2003) and suppresses restraint stress-
induced corticosterone release {Patel et al,, 2004). In addition,
cannabinoid exposure was shown to decrease corticotropin-
releasing hormone levels in the amygdala, which may account for
reduced stress responses (Rodriguez de Fonseca et al,, 1997).
Within the BLA, high concentrations of CB, receptors are
found localized on a subpopulation of inhibitory interneurons
(McDonald and Mascagni, 2001), suggesting an important
regulatory role for CB, receptor transmission within the BLA
through endocannabinoid signaling, Several studies have re-
ported strong inhibition of BLA interneurons after application
of CB, receptor agonists (Azad et al,, 2004; Pistis et al., 2004},
which is expected to decrease local inhibitory feedback on
pyramidal amygdalar outputs neurons. Katona et al. (2001)
suggested that, by reducing the tonic GABAergic inhibitory
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control over pyramidal cells in the BLA, cannabinoids indi-
rectly inhibit neuronal activity in the central nucleus, which
mediates stress and fear responses to aversive stimuli. Nevertheless,
canmabinoids were found to control synaptic transmission in the
lateral amygdala by also modulating glutamatergic synapses
(Azad et al., 2003). Thus, this suggests that the effects could
also result from CB,-mediated suppression of excitatory
neurotransmission.

It has been suggested that the endocannabinoid system has a
specific involvement in the habituation component of fear ex-
tinction (Kamprath et al., 2006) and that this involvernent resem-
blesits role in adaptation of stress responses (Viveros et al., 2005).
Patel et al. (2005) showed that the endocannabinoid systern me-
diates habituation to repeated restraint stress and suggested that
pharmacological augmentation of endocannabinoid signaling is
a good target for the treatment of affective disorders {Patel and
Hillard, 2008). Altogether, these studies indicate that extinction
of aversive memories via a habituation-like process and the ad-
aptation to stress responses via the alleviation of the stress axis
are, in part, controlled by endocannabinoids (for review, see
Lutz, 2007).

Conclusions

Our findings give preclinical support to the suggestion that can-
nabinoids could represent a therapeutic target for the treatment
of diseases associated with the inappropriate retention of aversive
memories, such as posttraumatic stress disorder {Marsicano et
al., 2002). Importantly, because of the effects of the drug on the
stress response, it is likely that potential patients treated with
cannabinoids or related compounds might benefit also from the
stress-reversing effects of the drug. Nevertheless, studies show
that cannabinoids elicit dose-dependent, biphasic effects on
emotionality (Onaivi et al., 1990; Haller et al., 2004; Viverosetal,,
2007; Moreira et al,, 2009}, Thus, the dose together with the
context in which cannabinoids are administered should be taken
into consideration.
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The cannabinoid CBE receptor has been shown to be critically involved in the extinction of fear memory. Systemic
tnjection of a CBI receptor antagonist prior to extinction training blocked extinction. Conversely, administration of
the cannabinoid uptake inhibitor AM404 facilitated extinction in a dose-dependent manner. Here we show that
bifateral infusion of CBI receptor agonists into the amygdala after memory reactivation blocked reconsolidation of
fear memory imeasured with fear-potentiated startle. The effect was dose-dependent and could be blocked by AM25,
a specific CBI receptor antagonist. In contrast, the effect of CBI agonists on reconsolidation was no longer seen if
memory reactivation was omitted. Concomitant with block of reconsolidation, CBI agonist-treated animals did not
exhibit shock-induced relnstatement or spontaneous recovery of fear, The absence of recovery was not attributable
to permanent damage to the amygdala in WiN-treated rats, nor did the effect result from alteration of baseline
startle or shock reactivity. These results suggest that CBl agonists could impair fear memory via blocking

reconsolidation.

Synthetic and endogenous cannabinoids have profound effects
on the central neurons, They inhibited pain (Pertwee 2001) and
reduced neuronal damage in models of ischemia and traumatic
brain injury (Panikashvili et al. 2001). They impaired memory in
animals, particularly in hippocampus-dependent tasks such as an
eight-arm radial maze, spatial alteration in a T-maze, and delayed
matching/non-matching to a position task with lever presenta-
tion (Lichtman et al. 1995; Davls et al. 2002). On the other hand,
SR141716A, a speciiic antagonist of the cannabinoid CB1 recep-
tor, blocked the disruptive effects of cannabinolds on rate and
accuracy of responding (Brodkin and Moerschbaecher 1997).
Cannabinoids produce marked alterations in behavior and mood
in animals and humans. Administration of a CB} antagonisl eiic-
ited an anxiety-like response (Navarro et al. 1997), whereas active
inhibitors of fatty acid amide hydrotase (FAAH), which calalyzes
endogenous cannabinold anadamide hydrolysis, induced anxio-
lytic effects in rats (Kathuria et al. 2003),

Paviovian fear conditioning is a behavioral procedure in
which a cue (conditioned stimulus, C3) comes to induce a fear
response when it is repeatedly paired with a noxious stimulus,
often a foot-shock (unconditioned stimulus, US}). Fear condition-
ing is not only a sensitive measure of anticipatory fear or anxlety
but is also a leading behavioral paradigm for studying the neural
mechanisms through which emotional memory is formed and
stored {Davis 2000; LeDoux 2000). Ixtinction, on the other
hand, refess to graduai disappearance of the previously acquired
responses if animals are exposed only fo the cue without pairing
with a shock (Rescorla 2001; Myers and Davis 2002), Recently,
endocannabinoids were demonslraied to be critically involved
in the extinction of fear memory because mutant mice lacking
CBI1 receptors were specifically impatred in extinction (Maisi-
cano et al, 2002).

Many observations in animal studies, including spontane-
ous recovery with time (Bouton and Peck 1989), relnstaiement
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after unpaired US presentations (Rescorla and Heth 1975}, and
renewal with context change {Bouton and King 1983), indicate
that extinction is a new inhibitory learning, which leaves the
original memery intact (Quirk et al. 2000; Herry and Garcla 2002;
Myers and Davis 2002; Maren and Quirk 2004). 1t has been
shown that treatment of rais with an inhibitor of cannabinoid
reuptake, AM404, enhanced exiinction (Chhatwal et al. 2005).
However, animals that had received AM404 during extinction
training exhibited less reinstatement effect. It is possible that
extinction seen following AM404 treatment was moze robust and
less susceptible to subsequent US reinstatement. Alternatively, it
may suggest the possibility of additional mechanisms. Following
retrieval, memory became labile for a period before being recon-
solidated and re-stored. Thus, in theory, memory would not re-
turn after a block of reconsolidation (Duvarci and Nader 2004),
Extinction training usually consisted of CS-alone trials that in-
duced memory retrieval. Therefore, it is reasonable to speculate
that CB1 receptor agonists may act on the reconsolidation of fear
NMenmory.

Results

On day 1, rats were conditioned with 10 light-shock pairings. On
day 2, they were infused with vehicle or a CB1 receptor agonist,
WINS5212-2 (WIN, 1 or 1t pg per side), bilaterally intc the
amygdala within 1 h after a retention test (Test 1. Memory was
assessed 24 h after Test 1 (Test 2). Figure 1A shows that infusion
of WIN resulted in an impairment of fear memory. Startle poten-
tiatlons were 171.4% + 8.3% (1= 6) in vehicle controls,
99.0% + 13.6% (1 ng per side, n =5}, and 46.0% + 7.7% (11 pg
per side, 1 = 10) in WIN-treated animals. The ANOVA for startle
scores showed a significant effect for group (F ;5 = 48.17,
P < 0.001), and post hoc I-tests showed that the two WIN groups
differed from the vehicle group (P < 0.001). Furthermore, less
startle reflex occurred in the high-dose group than in the low-
dose group (P < 0.01), indicating a dose-dependent effect. The
infusion cannuta tip locattons are shown in Figure 1B. Only rats
with cannula tips at or within the boundaries of LA and BLA were
included in the data analysis.

13:316-321 ©2006 by Cold Spring Harbor Laboratory Press 1SSN 1072-0502/06; www.learnmen.org
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Flgure 1, CB1 receptor agonists block reconsolidation of fear memory.

{A) Rats were infused with vehide (n=6), 1 ug of WIN (m=5), or 11 g
of WIN (1= 10) within 1 h after the test, and memory retention was
assessed 24 h later, ***P < 0.001 vs. vehicle. (B) Cannula tip place-
ments from rats infused with vehicle (@), 1 pg of WEN {A}, or 11 pg of
WIN (%) in the experiments shown in A, (C) Dose-response relation-
ship of HU210 on reconsalidation. *P < 0.05, ***P<0.001 vs. vehicle,
{D) Cannula tip placements from rats infused with vehicle (@), 1 pg of
HU210 (4), or 10 pg of HU210 (%) in the experiments shown in C,

A similar result was obtained with another CB1 agonist,
HU210. Post-test infusion of HU210 significantly attenuated
startle reflex. Startle potentiations were 170.5% £ 14.1% (1 = 6}
in vehicle controls, 166.4% + 19.9% (1 pg per side, n =35,
P < 0.05 vs. vehicle), and 61.196 * 15.296 (10 g per slde, n =6,
P < 0.001 vs. vehicle) in HU210-treated animals (Fig. 1C). Can-
nuta tip placements are shown in Figure 1D,

AM251 is a selective CB1 antagonist. To ensure that the
memory-impairing effect of WIN was mediated by the CB1 re-
ceptor, we determined whether AM251 could reverse the effects
of WIN and HU210, AM251 (20 pg per side) and WIN (11 pg per
side) were sequentlally infused into the amygdala with an inter-
val of 20-25 min. As shown in Figure 2, AM251 blocked the
effects of WiN and HU210 (10 pg per side} such that there was no
difference in the amount of startle amplitude between the ve-
hicle and WIN/AM251 groups (f,2, = 0.18, I’ = 0.86) and between
the vehicle and HUZ10/AM251 groups (7, = 0.68, P = 0.52). As a
control, vehicle and AM251 also were sequentially infused into
the amygdala to investigate the effect of AM251 on reconsolida-
tion, The result showed that there was no difference between the
vehicle and veh/AM251 groups (f, = 0.32, P= 0.75), suggesting
that AM251 by itself did not affect reconsolidation and that con-
centrations of endocannabinoids were below threshold during
the retention test to activate CB1 receptors,

We repeated the experiments to determine the effecls of
WIN on post-reactivation of short-term memory (PR-5TM) at 4 h
and long-term memory (PR-LTM) at 24 h after Test 1. An ANOVA
comparing the drug group across trials (PRSTM and PR-LTM)
demonstrated a significant interaction (F( 20, = 11,94, P < 0.001).
Newman-Keuls post hoc analysis revealed that the WIN group
was significantly different fiom the vehicle group both in the
PR-STM {P < 0.05) and PR-LTM (P < 0.001) (Fig. 3). Taken to-
gether, these results indicate that CBI1 receplor agonists impair
fear memory when given shortly after memory reactivation.
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Figure 2, Block of the effect of CBY agonists on reconsolidation by
AM251. AM251 (20 pg per side) was administered 20-25 min before
WIN (11 pg per side) or HU210 (10 pg per side}. There was no dilference
in the amount of startle amplitude between the vehicle and WIN/AM251
groups {{;,,=0.18, P=0.86) and between the vehicle and HU210/
AM251 groups (f;, = 0.68, P=0.52). AM251 and vehicle were also in-
fused into the amygdaIa, and there was no difference between the ve-
hicle and veh/AM251 groups ({g, = 0.32, P=0.75).

To determine whether the observed impaliment of fear
memory required memory reaclivation, we omitted Test 1. Con-
ditioned rats were infused with WIN, HU219, or vehicle in the
absence of Test 1. Memory retention was assessed 24 h after
drug application. Figure 4 shows that neither WIN (11 pg per
side) nor HU210 (10 ng per side} had an effect on the startle
reffex, Furthermore, WIN still failed to induce extinction even
though the dose was increased 1o 33 pg per side, These results
suggesl that the effects of WIN and HU210 require memory re-
activation as demonstrated by the lack of amnesia when Test 1 is
omitted.

To examine the possibility that WEN might damage the amyg-
dala neurons, we performed a histologlcal analysis. Figure SA
shows that there was no evidence of increased gliosis or cell loss
in vehicle- or WIN-treated rats, We further determined whether
WIN induced cell apoptosis by staining neurons with Hoechst
33,342, WIN or vehicle was infused into the amygdala, and 24 b
later apoptotic features including dense chromatin condensation
and nuclear pyknosis were examined with a fluorescence micro-
scope. There was no difference in abnormal nuclei-positive cells
between vehicle- and WIN-treated animals (Fig. 5B).
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Flgure 3. Fffects of post-Test 1 infusion of WIN on STM and LTM.
Rats were infused with vehicle or 11 pg of WIN within 1 h after the test,
and STM was assessed at 4 h and followed by LETM at 24 h after admin-
istration of WIN, *P < 0.05, ***P < 0.001 vs. vehicle, Cannula tip place-
ments from rats infused with vehicte (O) or WIN (@),
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Figure 4, Requirement of memory retrieval for the action of CB1 ago-
nists. {A) There was no difference in startle reflex between vehicle- and
WIN- or HU210-treated rats when Test 1 was omitted. {B) Cannula tip
placements from rats infused with vehicle (&), 11 ug WIN {00}, 33 pg WIN
{H), or HU210 (X).

We assessed whether WIN-treated rats exhibited reinstate-
ment of fear memory. Rats were trained according to our previ-
ous reconsolidation paradigm and then tested for memory recov-
ery by application of a reminder shock (Fig, 6A). Vehicle control
rats were divided inio two groups with or without exposing to
CS-alone trials that led to extinction, An ANOVA on Test 1, PR-
LTM, and reinstatement showed a significant Interaction with
drug treatment (Fis a5 =24.12, P <0.0001). Post hoc compari-
sons revealed that Test 1 scores were the same for the vehicle and
WIN groups (P> 0.05). However, WIN rats demonstrated less
startfe reflex than controls on both PR-LTM (P < 0,0601) and re-
instatement (P < 0.001). In contrast, subsequent exposure of ve-
hicle extinction rats to 10 [oot-shocks reinstated the startte. Fur-
thermore, there was no increase in the startle amplitude of WIN-
treaied animals after the reminder shock {fs, = 1.21, P=0.27). To
rule out the possibility that the lack of recovery was attributable

A DMSO (50%) WINS5212-2

Figure 5§, WIN55212-2 did not lesion the amygdala. (A) Representative
photomicrographs show amygdala slices from rats infused with DMSO
(fefty or WIN (rfght) There was no evidence of increased cell loss or gliosls
in the amygdala In the DMSQ or WiN-treated animals. Bar, 0.5 mm.,
(B) WIN (11 pgfside) or vehide were infused into the amygdala, and
24 h later morphological studies were conducted by Hoechst 33,342
staining. Bar, 10 prm.
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to WIN-induced damage to the amygdala, five out of sevenn WIN-
treated rats were retrained. Figure 6B shows that startle reflex in
all five WIN-treated rats was significantly increased to levels
(183.1 = 13.9, t,,=5.98, P<0.008 vs. reinstatement) compa-
rable with control antmals on Test 1. This result suggests that the
lack of reinsiatement is not attributable to the inability of ani-
mals to learn.

Similar experiments were performed with HU210 (10 ug per
side}, ANOVA analysis on Test 1, PR-LTM, and reinstaterment
showed a significant interaction with drug treatment (F5 27 =
14.14, P < 0.0001). Post hoc comparisons revealed that Test 1
scores were the same for both groups { > 0.05), whereas the
HUZ210 rats demonstrated less startle reflex than controls on both
PR-LTM (P < 0.001) and reinstatement (P < 6.001). In addition,
there was no increase in the startle amplitude of HU210-treated
animals after a reminder shock (f4y = 0.57, P=0.60}. 5 d later,
these HUZ10-treated rats were retrained and, as shown in Figure
6B, the level of startle potentiation was increased to
151.7% = 18.3% (t,, = 5.50, P < 0.01 vs, reinsiatement}).

We examined whether the memory would recover sponta-
neously from reactivation amnesia in WIN-treated rats. Animals
were trained according to our previous reconsolidation paradigm
and then tested for memory recovery 7 d after training, To match
the levels of startle in the WIN group, vehicle control rats were
given 30 trials of CS-alone extinction training ~30 min after
Test 1. As shown in Pigure 7B, testing animals 7 & after training
revealed a recovery of startle in vehicle controls. In contrast, the
conditioned responses of the WIN (11 pg per side) and HU210
(10 pg per side) groups were significantly less than vehicle con-
trols 7 d after training (WIN: t,q = 2.40, P < 0.05; HU210:
they = 2,95, P <0.02), indicating an inhibition of sponiancous
recovery by CB1 agonists.
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Flgure 6. Retardation of reinstatement of fear memory by CB1 recep-
tor agonists. {A) Behavioral pracedure used for the experiments shown in
B. (By WIN {11 pg per side) or HU210 (10 ug per side) were infused
into the amygdala bilaterally within 1 h after Test 1, which blocked re-
consolidation. Amnesia resulting from CB1 agonist infusions did not show
relnstatement with unconditioned foot-shocks. After retraining, the levels
of startle potentiation in the WIN or HU210 rats were comparable with
their Test 1. Vehicle extinction animals were trained and then exposed to
three sessions of 10 CS-alone trials that led lo extinction. Subsequent
exposure of these rats to 10 foot-shocks reinstated the startle.
AP < 0,001 vs. vehicle. (C) Cannufa tip placements from rats infused
with vehicle (@), vehicle extinction (), WIN (A), or HU210 (B) in the
experiments shown in 8.
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Figure 7. Retardation of spontaneous recovery by CB1 receptor ago-
nists. (A) Behavioral procedure used in the experiment shown in B. {8)
Animals were trained and then tested the next day. WiN (11 pg per side}
or HU210 {10 pg per side} were infused into the amygdala bilaterally
within 1 h after the test. Recovery of memory was assessed 7 d after
training. Vehicle control rats were given extinction training to match the
levels of startle in WIN group. ***P < 0.001 vs, vehicle. (C} Cannula tip
placements from rats infused with vehicle (@), WIN (4), or HU210 (B) in
the experiments shown in 8.

We assessed whether WIN produced an anaigesic effect and
affected baseline anxiety by measuring the shock reactivity and
baseline startle, respectively, according to the methods described
by Chhatwal et al. (2005}, A separate group of conditioned rats
was given an intra-amygdala infusion of WIN (1 = 5) and 30 min
later was presented with three shocks and 42 startle stimuli iden-
tical to those wsed in the above studies (0.6-mA, 0.5-sec foot-
shocks, 95-dB startie stimuli). 3 d later, the same 1ats were 1e-
turned to the starlle box, injected with vehicle, and similarly
tested. Pigure 8 shows that there was no difference in shock sen-
sitivity (P = 0.32) or baseline stastle amplitude (P = 0.67) in rals
given WIN or vehicle. Thus, intra-amygdala administration of
WIN has no effect on pain sensitivity or baseline startle ampli-
tude,

Discussion

In the present study, we have shown that post-test infuston of
WIN or HU210 into the amygdala significantly impaired fear
memory in a dose-dependent manner. The effects of WIN or
HU210 could be reversed by the seleclive CB1 receptor anlago-
nist and were no longer seen if the test was omitted. Re-exposing
WIN-treated 1ats to the US falled to reinstate learned fear. In
addition, the WIN-treated rats did not show spanfancous recov-
ery, Finally, administration of CB1 agonists at the dose used in
this study did not damage the amygdala neurons, induce apo-
ptosis, or produce an obvious analgesic effect. Taken together,
these resulls suggest that intra-amygdala infusion of CB1 recep-
tor agonists could impair fear memory via an effect on reconsoti-
dation.

Memory testing caused memory reactivation and initiated
two potentially dissociable but oppaosite processes: reconsolida-
tion and extinction (Nader et al. 2000; Myers and Davis 2002;
Nader 2003; Suzuki et al. 2004). We have demonstrated that ac-
tivation of the CB1 receptor in the amygdala impaired fear
memory when CR1 agonists were administered immediately after
test, but were not cffective when administered without a test. In
addition, no evidence of reinstaternent and spontaneous recov-
ery was found in WIN-treated animals. Based on the notion that
original memory became labile and would not return afier a spe-

cific block of reconsolidation (Buvarci and Nader 2004), reacti-
vation-Induced amnesia by CB1 agonists could be attributable to
the block of reconsolidation, Extinction of conditioned fear in
general was considered to be an inhibitory learning that pre-
vented the expression of intact association rather than erasing it.
If a memory delicit induced by CB1 agonists after memory reac-
tivation was attributabie to enhanced extinction, then re-
exposing animals to the US prior to the test would restore its
representation and reinstate the learned responses. In addition,
testing animals at different time points after extinction should
reveal a recovery of retention. A previous study by Chhatwal
ct al. (2005} has shown that systemic injection of a CB1 receplor
antagonist prior to extinction training blocked extinction. Con-
versely, administration of the cannabinoid uptake inhibitor
ANM404 facilitated extinction in a dose-dependent manner. The
difference between their results and ours is not clear, but could be
due to different training protocols applied (extinction vs,
memory testing) or the route of drug administration (systemic vs,
intra-amygdala administration). Activation of CB1 receptors
could facilitate extinction on one hand and block reconsolida-
tion on the other,

Reinstatement and spontaneous recovery are signs of pres-
ervation of the original memory after extinction training. Theo-
retically, they could be uvsed to judge whether a manipulation
facilitates extinction as opposed to blocking reconsolidation.
However, it should be cautioned that under certain circum-
stances if extinguishment of memory was caused by the erasure
of original memory, then reinstatement and spontaneous recov-
ery are not valid to differentiate between the [acilitation of ex-
tinction and biocking of reconsolidation.

It is noted that intra-amygdala injection of a CB1 agonist
immediately after the test impaired both PR-5TM and PR-LTM,
suggesting that CB1 agonists block a fast cascade of events nec-

g 8 & B

g

Shock reactivity

e 3

WIN

Vehicle

==

25

15

10

Baseline startie

Vehicle WIN

Figure 8, Effect of WIN on shock reactivity and baseline anxiety. Con-
ditioned rats received an intra-amygdala infusion of WIN {11 pofside,
n=5)and 30 min later were presented with three shocks and 42 startle
stimuli (0.6-mA, 0.5-sec shocks, 95-dB8 nolse-burst startie). 3 d later, the
same fats were returned to the startle box, injected with vehicle, and
similarly tested. (A) Shock reactivity represents the average response to
three foot-shacks. {B) Baseline startle amplitude represents the average
response to 42 startle stimuli,
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essary for memory reconsolidation, It has been shown that PKA
phosphorylation of 8845 in GluR1 increased the peak open prob-
ability (Banke et al. 2000) of AMPA receptors as well as the surface
reinsertion of GluRl (Ehlers 2000). Furthermore, fear memory
formation required the coupling of GluR1 and PKA by A-kinase
anchoring proteins {AKAPs} through synapse-associated protein
97 kDa (SAP97) in the lateral amygdala (Moita et al. 2002), Thus,
it is likely that activation of CB1 receptors negatively regulates
adenylyl cyclase (Howlett et al. 1986; Bidaut-Russell et al. 1990),
PKA, and phosphorylation of AMPA receptors, resulting in the
retardation of formatlon and malntenance of STM. In this con-
text, it has been shown recently that, using a low-intensity train-
ing protocol (1.3-mA US foot-shock), activation of PKA in the
amygdala enhanced reconsolidation. In contrast, inhibition of
PKA impaired reconsolidation when a high-intensity training
protocol {2.0-mA US foot-shock) was applied (Tronson et al,
2006).

In summary, retrieval of memory would put it into a new
vulnerable phase so that a reconsolidation blockade could fead to
erasure of memory, not by inhibiling the expression of memory
as extinction training did, Here, we have demonstrated that ac-
tivation of CB1 receptors blocked reconsolidation, and rats given
CB1 agonists immediately after 2 memory test failed to exhibit
relnstatement and spontancous recovery. Thus, CBl agonists
could be useful for the treatment of patients with post-traumatic
stress disorders (PTSD) because the drug-treated patients may be
less likely to relapse after a stresslul experience,

Materials and Methods

Surgery

Rats anesthetized with sodium pentobarbital (50 mg/kg, i.p.}
were mounted on a stereotaxic apparatus, and two cannulae
made of 22-gauge staintess steel tubing were implanted bilater-
ally into the LA or BLA. The coordinates were AP — 2.3 mm, ML
*+4,5 mm, DV —7.0 mm according to Paxinos and Watson
(1986). Only 1ats with cannula lips within the boundaries of LA
and BLA were included in the data analysis. Rats were monitored
and handled dailly and were given 7 d to recover, WIN55212-2,
"HUZ210, and AM251 were obtained from Tocris Cookson Ltd. The
drugs were dissolved in DMSO (509) and administered bitater-
ally in a volume of 1 pL at a rate of 0.1 puL/min.

Behavioral apparatus and procedures

Rals were trained and tested in a stabilimeter device. A piezoelec-
tric device mounted below the stabilimeter detects and trans-
duces the motion of the cylinder produced by the whole body
startle response of the rat (San Diego Instrument). The whole
set-up was enclosed in a ventilated, sound-attenuating cabinet
{length 38 cm, width 38 cm, height 55 cm). The acoustic startle
stimulus was a 50-ms white noise at the intensity of 95 dB. The
visual CS was a 3.7-sec light produced by an 8W fluorescent bulb
attached to the back of the stabilimeter. The US was a 0.6-mA
foot-shock with a duration of 0.5 sec,

Acclimation

On thiee consecutive days, rats were placed in the startle tesi
boxes for 10 min and returned to their home cages.

Matching

On two consecutive days, rats were placed in the startle box and
3 min later presented with 10 startle stimuli at 2-min interirial
intervals (ITI). On the basis of their mean startle amplitudes in
the second of these two sessions, rats were matched into groups
with similar response levels.

Training

Rats were placed in the siartle boxes and received 10 light-foot-
shock pairings with an 1T of 2 min,
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Test

24 h after training, rats were tested for fear-potentiated startle,
This involved 10 startle-eliciting noise bursts presented alone
(noise-alone trial) and 10 noise bursts presented 3.2 sec after
onset of the 3.7-sec light (light-noise trials). The two tzial types
were presented in a balanced mixed order (ITI, 30 sec), The per-
centage of fear-potentiated startle was computed as follows:
[{startle amplitude on CS-noise minus noise-alone trials) / (noise-
alone trials)] x 100.

Reconsolldation

Rats were trained and memory was tested 24 h later (Test 1). Rats
were infused with WiN55212-2, HU210, or vehicle within 1 h
after termination of Test 1. A post-reactivation shori-term
memory (PR-STM) test was performed 4 h later, followed by a
PR-LTM test 24 h after Test 1.

Relnstatement

Animals were trained according to the reconsolidation paradigm,
returned to the testing chamber 24 h later, and presented with 10
foot-shocks. Animals underwent a test for memory reinstatement
24 h after foot-shock. § d later, rats were retrained with 10 light—
foot-shock pairings, and the folowing day they were tested for
the LTM of the retrained memory. A group of vehicle control rats
was exposed to 30 trials of CS-alone extinction training to match
the degree of startle reflex in WiN-treated animals,

Shock reactivity and baseline startle measurement

A group of conditioned rats was injected with WIN bilaterally
into the amygdala, placed in the fraining box, and presenied
with three unpaired foot-shocks and 42 startle stimuli (0.6-mA,
0.5-sec shocks, 95-dB noise-burst startle). The same group of rats
was returned to the same startle box 3 d later, injected with
vehicle, and presented with identical foot-shocks and startle
stimuli.

Histology

At the end of experiments, animals received an overdose of pen-
tobarbital (100mg/kg), and the brains were removed from the
skull and fixed in buffered 4% paraformaldehyde (pH 7.4) for
48 h. Brains were sectioned with a sliding MicroSiicer (DTK-1000,
Fed Peliz Inc.}, and sections (40-um thickness) were stained for
Nissl bodies and DNA dye Hoechst 33,342 (bis-benzimide,
Sigma). Nuclei were visualized using a fluorescence microscope.

Data analysis

Data were analyzed with ANOVA. A single-factor ANOVA and
post hoc comparisons were used to analyze the dose-dependent
effect of WINS5212-2 in blocking reconsolidation and the dif-
ference between the effect of drugs on STM and LTM. An un-
paired t-iest was used to analyze differences of startle reflex be-
tween the drug-freated and vehicle control groups. A paired f-test
was used to analyze the difference in startle amplitude before and
after a reminder shock in drug-treated rats (reinstatement experi-
ments}. All values in the text and figure legends are mean =5SEM.

Acknowledgmenis

This study was supported by the National Health Research Insti-
tutes (NHRI-EX92-9202N0) and the National Science Council
(NSC94-2752-B-006-001-PAE).

References

Banke, T.G., Bowie, I, Lee, H.X,, Huganir, R.L., Schousboe, A, and
Traynells, 8.F. 2000, Controf of GluR1 AMPA receptor function by
cAMP-dependent protein Kinase, J. Newroscl, 201 89-102,

Bidaut-Russell, M., Devane, W.A,, and Howlett, A,.C. 1990. Cairnabinoid
receptors and regulation of cyclic AMP accumulation in the rat
brain. J. Newrochem, 55; 21-26.

Bouton, M.E. and King, D.A. 1983. Contextual control of the extincton
of conditloned fear: Tests for the associative value of the context.

J. Exp. Psychol, Anim. Beliav. Process, 9: 248-265.



Downloaded from learnimen.cshlp.org on July 23, 2013 - Published by Cold Spring Harbor Laboratory Press

Cannabinoid CBI agonists block reconsolidation

Bouton, M.E. and Peck, C.A. 1989. Spontaneous recovery in
cross-motivational transfer (counterconditioning). Anim. Learn.
Behav. 20: 313-321.

Brodkin, J. and Moerschbaecher, .M. 1997. SR141716A antagonizes
the disruptive effects of cannablnold ligands on learning in rats.

I, Pharmaeol, Exp, Ther, 2821 1526-1532.

Chhatwal, J., Davis, M., Maguschak, K.A,, and Ressler, K.J. 2005,
Enhancing cannabineid neurotransmission augments the extinction
of conditioned feat. Newropsychophannacology 30: 516-524.

Davis, M, 2000. The role of the amygdala in conditioned and
unconditioned fear and anxiety, In The amygdala: A functional
analysis (ed. )., Aggleton), pp. 213-287. Oxford University Press,
New York.

Davis, S.N,, Perfwee, R.G., and Riedel, G. 2002. Functions of
cannabinoid receptors in the hippocampus. Newropharinacology
42: 9493-1007.

Duvarci, 5. and Nader, K. 2004, Characterization of fear memory
reconsolidation. [, Neuwrosci, 24: 9269-9275,

Ehlers, M.D. 2000. Reinsertion or degradation of AMPA receptors
determined by activity-dependent endocytic sorting. Newron
28: 511-525.

Henry, C. and Garcla, R. 2002, Prefrontal cortex long-term potentiation,
but not long-term depression, is assoclated with the maintenance of
extinetion of learned fear in mice. J. Nearosci. 22: §77-583.

Howlett, A.C., Qualy, ].M., and Khachatrtan, L.L. 1986, Involvement of
Gi In the inhibition of adenylyl cyclase by cannabimimetic drugs,
Mol. Pharnmacol. 29: 161-165.

Kathuzia, S., Gaetani, S., Fegley, D., Valino, F., Duranti, A., Tontini, A.,
Mor, M., Tarzla, F.G., La Rana, G,, Calignano, A, et al. 2003,
Modulation of anxiety through blockade of anadamide hydrolysis.
Nat, Med. 9: 76-81.

LeDioux, ]L.E. 2000. Emotion circuits In the brain. Asniu. Rev, Newrosci,
23: 155-184.

Lichtman, A.H., Dimen, K.R., and Martin, B.R. 1995, Systemic or
Intrahippocampal cannabinold administration impalirs spatial
memory in rats. Psychopharmacology 119; 282-290,

Maren, S. and Quirk, G.J. 2004. Neurona! signalling of fear memory.
Nat. Rev. Newrosci. 51 844852,

Marsicane, G., Wotjak, C.T,, Azad, 5.C., Bisogno, T., Rammes, G.,
Cascio, M.G., Hermann, H,, Tang, J., Hofinann, C,, Zieglgansberger,
W., et al. 2002. The endogenous cannabinoid system controls

extinction of aversive memories, Nafure 418; 530-534,

Moita, M.A., Lamprecht, R, Nader, K., and LeDoux, J.L. 2002, A-kinase
anchoring proteins In amygdala are involved in auditory fear
memory, Nat, Nenroscl, 5: 837-838.

Myers, KM, and Davis, M, 2002, Behavloral and neural analysis of
extinction. Newronn 36 567-584.

Nader, K. 2003, Memory traces unbound, Tremds Newrosci, 261 65-72,

Nader, K., Schafe, G.E,, and LeDoux, J.E, 2000, Fear memories requice
protein synthesls in the amygdala for reconsolidation after retrieval,
Nature 4006: 722-726.

Navarro, M., Hernandez, E., Munoz, R.M., del Arco, 1, Villanua, M., and
Carrera, M.R.A. 1997, Acute administration of the CB1 cannabinoid
receptor antagonist SR141716A induces anxiety-like responses in the
rat. Neuroreport 8: 431-496.

Panikashvill, D., Simeonidow, C,, Ben-Shabat, 5., Hanus, L., Breuer, A,
Mechoulam, R,, and Shohaiml, &, 2001, An endogenous cannabinoid
(2-AG) Is neuroprotective after brain Injury. Nature 413: 527-531.

Paxinos, G, and Watson, C. 1986. The rat brain in stereotaxic coordinales.
Academic Press, New York.

Pertwee, R.G. 2001, Cannabinold receptors and pain. Prog. Neurobiol.
63: 569-611.

Quirk, G ], Russo, GK,, Barron, LL, and Lebron, K. 2080, The 1ole of
ventromiedial prefrontal cortex in the recovery of extinguished fear.
J. Newrosci, 20: 6225-6231.

Rescorla, R.A. 2001, Experimental extinction. In Hardbook of
conteinporary leaming theories (eds, R.R. Mowrer and S, Klein),
pp. 119-154. Exlbaumn, Mahwah, NJ.

Rescorla, R.A. and Heth, C.D. 1975. Reinstatement of fear to an
extinguished conditioned stimulus. J. Exp. Pspehol. Anim. Behav.
Process 1t 88-96.

Suzukt, A, Josselyn, 5.A., Frankland, P.W,, Masushige, 5., Silva, A3,
and Kida, S. 2004, Memory reconsolldation and extinction have
distinct temporal and biochemical signatures. [. Neurosci.

24: 4787-4795.

Trenson, N.C., Wisemarn, 5.L., Olausson, P., and Taylor, LR, 2006.
Bidivectional behavioral plasticity of memory reconsoldation
depends on amygdalar protein kinase A. Naf. Neurosci. 9: 167-169.

Recelved Qctober 3, 2005; accepted in revised fonn February 16, 2006,

Learning & Memory 321

www. learnmem.org



	PTSD Part I
	PTSD Part II
	PTSD Part III

