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Introductory narrative of individuals requesting inclusion of new medical condition

Petition for Anxiety Disorder as qualifying medical condition under Lynn and Erin Compassionate Use Act

Stephanie Richmond Jean-Paul Dedam

2400 Tucker Road NE 4901 Lang Avenue NE
Albuquerque, NM 87131 Albuquerque, NM 87109
505-385-5636 505-842-8171

PA-C Richmond and Dr. Dedam are both members of the New Mexico Medical Advisory Board and each
have a professional interest as medical providers in the inclusion of this diagnosis for the Lynn and Erin
Compassionate Use Act to assist their patients and provide quality healthcare with medical cannabis.



Petition for Anxiety Disorder as qualifying medical condition under Lynn and Erin Compassionate Use Act
Dedam and Richmond

Proposal and medical benefits

Generalized Anxiety Disorder (GAD), social anxiety disorder, medication-induced anxiety, panic disorder,
specific phobias and anxiety disorder due to another medical condition incredibly common medical
conditions affecting as much a 25% of the population in some meta-analyses (Baxter 2013). These
conditions can cause significant disruption in the lives of those who suffer from them, as well as having
severe negative consequences on that person’s health.

While many good medical treatments exist, they don’t always work for every patient, leaving as much at
40% of patients without relief (Bystrisky 2006). Some common treatments of anxiety, such as
benzodiazepines, carry a significant risk for abuse, dependence and dangerous withdrawal syndromes.
Mental health resources in this state are also severely limited and many patients lack access to care.

Self-medication and patient reports of cannabis use for treatment of anxiety disorders are also common
and effective. One study tracking 1399 Medical Cannabis users found a 58% reduction in anxiety and
stress symptoms that did not diminish overtime (Cuttler 2018).

While currently there have been no large randomized controlled trials, an observational study of 368
Medical Cannabis user again demonstrated improvement in anxiety symptoms as well as improved sleep
(Martin 2021).

Despite the lack of studies, there is also amply basic science evidence to support the use of Medical
Cannabis for anxiety. Activation of the Cannabinoid type 1 Receptor (the receptor stimulated by THC) in
the brain has been for decades to have an anxiolytic effect at low and moderate does ( Lutz 2015). While
high doses can actually cause a paradoxical increase in anxiety, with proper medical guidance and
supervision this can be easily avoided with dosing and concomitant CBD administration. This biphasic
effect has been used an argument against the use of Medical Cannabis for anxiety. However, since
cannabis is now legalized recreationally and it makes far more sense to have this treatment under
qualified medical supervision.

Medical cannabis has also been proven safe, is less addictive than benzodiazepines and is safer in both
accidental and intentional overdose to all current conventional pharmacologic treatments.

To draw upon my own clinical experience in working with hundreds of cancer patients here in New
Mexico, relief of stress and anxiety, be it from a pre-existing diagnosis or secondary to their cancer
diagnosis or the treatment of their cancer, remains on the most consistent patient reported benefits.
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ARTICLE INFO ABSTRACT

Keywords: Background: Cannabis is commonly used to alleviate symptoms of negative affect. However, a paucity of re-
Cannabis search has examined the acute effects of cannabis on negative affect in everyday life. The current study provides
Depression a naturalistic account of perceived changes in symptoms of depression, anxiety, and stress as a function of dose
::éiszty and concentration of A°tetrahydrocannabinol (THC) and cannabidiol (CBD).

Method: Data from the app Strainprint™ (which provides medical cannabis users a means of tracking changes in
symptoms as a function of different doses and chemotypes of cannabis) were analyzed using multilevel mod-
eling. In total, 11,953 tracked sessions were analyzed (3,151 for depression, 5,085 for anxiety, and 3,717 for
stress).

Results: Medical cannabis users perceived a 50% reduction in depression and a 58% reduction in anxiety and
stress following cannabis use. Two puffs were sufficient to reduce ratings of depression and anxiety, while 10 +
puffs produced the greatest perceived reductions in stress. High CBD (>9.5%)/low THC (< 5.5%) cannabis was
associated with the largest changes in depression ratings, while high CBD (>11%)/high THC (>26.5%) can-
nabis produced the largest perceived changes in stress. No changes in the perceived efficacy of cannabis were
detected across time. However, baseline symptoms of depression (but not anxiety or stress) appeared to be
exacerbated across time/tracked sessions.

Limitations: The primary limitations are the self-selected nature of the sample and the inability to control for
expectancy effects.

Conclusions: Cannabis reduces perceived symptoms of negative affect in the short-term, but continued use may
exacerbate baseline symptoms of depression over time.

Dose effects
Multilevel modeling

1. Introduction medical cannabis use currently recognize anxiety as a qualifying con-

dition, and none overtly recognize depression or high levels of per-

Cannabis is commonly used to alleviate depression, anxiety, and
stress. Indeed, one of the most commonly reported motives for cannabis
use is to cope with stress (Hyman and Sinha, 2009), with 72% of daily
cannabis users reporting use of cannabis to relax or relieve tension
(Johnston and O’ Malley, 1986). Further, recent research by
Sexton et al. (2016) revealed that the three most frequently endorsed
reasons for medical cannabis use are for managing pain, anxiety, and
depression, with over 58% of medical cannabis patients reporting use to
manage anxiety and over 50% reporting use for depression. Consistent
with these results, Webb and Webb (2014) found that 50% of medical
cannabis patients — who were using cannabis to treat pain — reported
that it provided relief from anxiety and stress. Nevertheless, only two of
the 32 states, districts, and territories in the United States that permit

ceived stress as qualifying conditions for a medical cannabis card. This
is largely because of a paucity of evidence for the efficacy of cannabis in
treating negative affect. As such, the primary purpose of the present
study was to examine the perceived efficacy of cannabis in reducing
symptoms of depression, anxiety, and stress in a naturalistic context.
While research on the acute effects of cannabis and its two primary
constituents — Agtetrahydrocannabinol (THC) and cannabidiol (CBD) -
on depression, anxiety, and stress is sparse, there is some limited evi-
dence from double-blind, placebo-controlled studies indicating that oral
CBD significantly reduced anxiety and discomfort during a simulated
public speaking task in patients with social anxiety disorder
(Bergamaschi et al., 2011) and in healthy students (Zuardi et al., 1993).
Oral THC has similarly been shown to dose-dependently attenuate the
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subjective response to psychosocial stress (Childs et al., 2017). Further,
in patients being treated for fibromyalgia, regular use of nabilone (an
orally ingested synthetic cannabinoid receptor agonist) significantly
decreased anxiety but had no effects on depression (Skrabek et al.,
2008). Conversely, an oral dose of rimonabant (a cannabinoid receptor
antagonist) has been shown to significantly increase depression
(Christensen et al., 2007) and anxiety (Bergamaschi et al., 2014;
Christensen et al., 2007).

It is important to note, however, that these effects have not always
been consistent. Specifically, Pillard et al. (1974) found no significant
effects of smoking low THC cannabis (1.4%) versus a placebo on an-
xiety following an anxiety-provoking film or public speaking task.
Moreover, a handful of double-blind, placebo-controlled studies ex-
amining depression and anxiety as secondary outcomes in patients with
other primary conditions (e.g., chronic pain, multiple sclerosis, cancer)
found no significant effects of nabilone (Frank et al., 2008), dronabinol
(another orally ingested synthetic cannabinoid receptor agonist)
(Narang et al., 2008), or nabiximol (a cannabis-based oromucosal
spray) (Portenoy et al., 2012; Rog et al., 2005; Wade et al., 2004) on
secondary symptoms of anxiety and depression.

Some of these conflicting results may pertain to the use of varying
doses and differences in THC vs. CBD content. For instance, a recent
double-blind, placebo-controlled study with healthy adults revealed
that low doses (7.5 mg) of oral THC attenuated the self-reported ne-
gative emotional effects of a psychosocial stressor, while high doses
(12.5mg) increased subjective distress, anxiety, and depression
(Childs et al., 2017). Consistent with these results, Fusar-
Poli et al. (2008) found that 10 mg of oral THC increased anxiety and
other negative emotions relative to a placebo, while oral CBD (600 mg)
led to a small decrease in anxiety that was not statistically significant in
their small sample (n = 15, p = .06).

In the majority of studies described above, cannabinoids were ad-
ministered orally. However, recent research indicates that only 8% of
medical cannabis patients use oral administration (Sexton et al., 2016),
while over 92% of medical and non-medical cannabis users report using
combustion/inhalation methods of administration (Schauer et al.,
2016). Moreover, in many of these studies cannabinoids were ad-
ministered prior to an objectively stressful task and participants were
asked to evaluate their affective state in response to that acute stressor.
As such, we have a limited understanding of the perceived efficacy of
cannabis in coping with feelings of negative affect in everyday life.
Therefore, the primary objective of this study was to track the perceived
efficacy of inhaled cannabis in coping with feelings of negative affect in
medical cannabis users’ naturalistic environment. Furthermore, given
that symptoms of negative affect are more prevalent in women
(American Psychiatric Association, 2013), and that women are more
likely to use cannabis to cope with symptoms of anxiety (Cuttler et al.,
2016), we further sought to examine potential gender differences in the
perceived efficacy of cannabis in reducing symptoms of depression,
anxiety, and stress.

The present study represents an attempt to complement the existing,
internally valid, double-blind, placebo-controlled studies, with a more
ecologically valid, naturalistic approach. To this end, we obtained the
global back-data from the app Strainprint™, which offers medical
cannabis users a means to track symptom severity before and after self-
medicating with cannabis. One advantage of this approach is that it
allows us to examine the perceived effects of cannabis over time. In
doing so, we can address two important questions. First, does the per-
ceived efficacy of cannabis in managing negative affect change over
time? In other words, are the perceived effects of cannabis subject to
tolerance? Second, does using cannabis to manage symptoms of de-
pression, anxiety, and stress affect baseline symptoms of negative affect
over time? Chronic cannabis use has been shown to cause down-
regulation of CB1 receptors in areas such as the prefrontal cortex,
anterior cingulate cortex, hippocampus, and parahippocampal gyrus
(Hirvonen et al., 2012), which are known to be implicated in mood and
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emotionality (see Drevets et al., 2008 for review); therefore, regular use
of cannabis may have longer-term effects on negative affect (that may
be reversed following a period of abstinence). In the current study, we
used archival data from Strainprint™ to specifically examine: 1) whe-
ther self-reported symptoms of depression, anxiety, and stress are sig-
nificantly reduced after using cannabis, 2) whether there are gender
differences in these putative effects, 3) whether interactions between
THC and CBD predict symptom change, 4) whether symptom change
varies according to dose, 5) whether perceived efficacy of cannabis
changes over time, and 6) whether baseline (i.e., pre-cannabis use)
symptoms of negative affect change over time.

2. Method
2.1. Procedure

To achieve our six aims, we obtained archival data from the medical
cannabis app Strainprint™. Using this free app, medical cannabis users
can track changes in the severity of their symptoms as a function of
different chemotypes and doses of cannabis. Prior to using the app to
track their medical cannabis use, individuals enter basic demographic
information (i.e., gender and date of birth). Next, they enter all of their
medical conditions and symptoms of those conditions by selecting from
a list of 279 conditions and 46 symptoms. They are further given the
opportunity to enter information about the cannabis that they use by
selecting from a list of products sold by licensed medical cannabis
distributors in Canada. The THC and CBD content for each of these
products were obtained by analyses conducted by one of Health
Canada's licensed dealers and is prepopulated within the app. It is im-
portant to note that Canada is somewhat unique to other countries in
that Health Canada enforces strict production guidelines, quality con-
trol guidelines and mandatory lab testing from all ministry approved
licensed dealers. This mandatory lab testing includes five stages of
processing; preparation, chromatography, general spectrometry, heavy
metal spectrometry, and microbial analysis. Users also have the op-
portunity to enter additional product names and cannabinoid content
(% THC, % CBD) for products that are not prepopulated in the app.
Users can subsequently track their medical cannabis sessions by: 1)
selecting the symptom(s) they are experiencing at the time, 2) rating
the severity of each symptom on a scale of 0 (none) to 10 (extreme), 3)
selecting (or inputting) the product they will use, 4) indicating their
method of administration (smoke, oil, vape, dab bubbler, dab portable,
edible, pill, spray, transdermal, tincture), and 5) indicating the quantity
of use (e.g., number of puffs ranging from 1 to 10 + ). Twenty minutes
after use, individuals are prompted (via a push notification) to re-rate
the severity of their symptom.

For the present study, we obtained anonymous data from medical
cannabis users who used the app to treat symptoms of depression, an-
xiety, and stress. Specifically, we obtained data on these individuals’
anonymous ID codes; gender; ages; medical conditions and symptoms;
self-reported symptom severity before and after each session of medical
cannabis use; duration of time between pre-and post-cannabis use
symptom ratings; cannabinoid content (% THC, % CBD) for the can-
nabis used in each session; as well as the method and quantity of use for
each session. The Office of Research Assurances determined that this
anonymous archival study was exempt from the need for IRB review.

2.2. Inclusion/Exclusion criteria

We obtained data from 1,399 medical cannabis users who collec-
tively used the app a total of 18,392 times to track changes in their
symptoms of depression, anxiety, or stress. Individuals’ use of the app to
track their medical cannabis sessions ranged from 1-972 sessions, with
a mean of 13.15 (SD = 38.48) tracked sessions. Given potential dif-
ferences in efficacy and onset across different routes of administration
(e.g., oral vs. inhaled), only tracked sessions in which individuals
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indicated administering cannabis via one of five inhalation methods
(smoking, vaping, concentrates, dab bubbler, dab portable) were se-
lected (n = 13,687; 74.42% of data). Tracked sessions that involved
administration via other methods (e.g., tincture, edibles) were ex-
cluded. Given that the acute subjective effects of inhaled cannabis peak
at about 10-30 minutes and taper off after 3-4 h (Grotenhermen, 2003;
Menkes et al., 1991), only the 11,953 tracked inhalation sessions for
those individuals who re-rated their symptoms within 4 h were in-
cluded. The remaining inhalation sessions exceeded this time frame and
were excluded.

2.3. Participants

The final sample comprised 11,953 tracked inhalation sessions.
More specifically, 561 medical cannabis users (262 men, 299 women;
age M =33, SD=10) used the app 3,151 times (Range 1-97;
M = 14.30, SD = 17.38) to track changes in depression. A total of 770
users (363 men, 407 women; age M = 33, SD = 10) used the app 5,085
times (Range 1-197; M = 23.38, SD = 35.62) to track changes in an-
xiety. Finally, 726 people (323 men, 403 women; age M = 34, SD = 9)
used the app 3,717 times (Range 1-173; M = 18.93, SD = 28.37) to
track changes in stress.

2.4. Data analysis

Typically, in order to analyze data with both within- and between-
subjects variability to consider, one would use a mixed-factorial ana-
lysis of variance (ANOVA) or a multiple regression analysis. However,
each of these techniques requires equal numbers of within-subjects
observations across participants. Given the differences in the number of
sessions tracked using the app across individuals these approaches are
not appropriate. However, multilevel modeling (also known as linear
mixed models, hierarchical linear models, or mixed-effects models) is a
technique that permits the examination of change considering both
within- and between-subject variability despite differences in the
number of observations across individuals. This technique involves
estimating time-variant slope variables at the within-subject level that
are then used to predict change at the between-subject level. The
models tested in the present study were based on those presented in
Finch and Bolin (2016) with additional modifications and settings
specified according to the guidelines provided by Muthén and
Muthén (2017).

Specifically, multilevel modeling was used to predict changes in
symptom severity as a function of gender, dose, and % THC/CBD. We
also used multilevel modeling to examine changes in efficacy (i.e.,
symptom reduction) and changes in baseline symptoms (i.e., pre-can-
nabis use symptom ratings) across tracked sessions. All models were
tested with maximum likelihood estimation with robust standard errors
using the latest version of Mplus (version 8; Muthén and
Muthén, 2017). All predictor and outcome variables were modeled as
functions of time/sessions at the within-subjects level, and the slopes of
these regressions (i.e., regression coefficients) were used to test for the
between-subjects level effects (e.g., for aim 3, time/sessions was used to
predict % THC, % CBD, and symptom change at the within-subject le-
vels, and the slope values produced at this level were used to test for the
effects of % THC and % CBD on symptom change at the between-sub-
jects level). All estimates of slopes and intercepts were allowed to vary
randomly. For models that included interaction terms, the algorithm
used to estimate model parameters was set to numerical integration
with 7 integration points.
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3. Results
3.1. Aim 1: overall change in symptom ratings

3.1.1. Depression

Results of the first multilevel model revealed a significant reduction
in ratings of depression from before (Mgefor. = 6.02, SE = 0.17) to after
(Mpger = 3.06, SE = 0.21) using cannabis, Wald x2 (1, 560) = 364.08,
p < .001. Further analyses revealed that depression symptom ratings
were reduced in 89.3% of tracked sessions, they were exacerbated in
3.2% of sessions, and there was no change in 7.5% of sessions.

3.1.2. Anxiety

There was also a significant reduction in the ratings of anxiety
(Mpefore = 5.98, SE = 0.12vs. Mpger = 2.50, SE = 0.14), Wald x> (1,
769) = 659.50, p < .001. Further, anxiety was reduced in 93.5% of
tracked sessions, they were exacerbated in 2.1% of sessions, and there
was no change in symptoms for 4.4% of sessions.

3.1.3. Stress

Analysis of the stress model revealed a significant change in ratings
from before (Mpefore =5.99, SE =0.13) to after (Mage = 2.52,
SE = 0.14) using cannabis, Wald x2 (1, 725) = 620.08, p < .001.
Further, stress was reduced in 93.3% of tracked sessions, it increased in
2.7% of sessions, and there was no change in reported levels of stress for
4% of sessions.

3.2. Aim 2: gender differences in change in symptom ratings

3.2.1. Depression

As depicted in Fig. 1 (panel A), results indicated that both women,
Wald y> (1, 261) =380.74, p <.001, and men, Wald x*= (1,
299) = 137.52, p < .001, reported a significant reduction in symptoms
of depression following cannabis use. There was no significant differ-
ence in the magnitude of change between the genders, Wald chi-square
(1, 261) = 0.02, p = .88.

3.2.2. Anxiety

Both women, Wald 2 (1, 362) = 582.32, p < .001 and men, Wald
x% = (1, 407) = 244.61, p < .001, reported a significant reduction in
symptoms of anxiety following cannabis use. Comparisons of the gen-
ders indicated that women perceived a greater reduction in symptoms
of anxiety than did men, Wald x2 (1, 362) = 10.78,p < .001 (see Fig. 1,
panel B).

3.2.3. Stress

As shown in Fig. 1 (panel C) both women, Wald xz a,
322) = 274.45, p < .001, and men, Wald x2 = (1, 403) = 412.58,
p < .001, reported a significant reduction in stress after using cannabis.
There was no significant difference in the magnitude of symptom
change between the genders, Wald x2 (1, 322) = 3.18, p = .07.

3.3. Aim 3: THC x CBD effects on change in symptom ratings

3.3.1. Depression

Models were also tested to examine whether the cannabinoid content
(% THC, % CBD) could predict change in reported symptom severity. The
results of the model tested, to examine whether THC, CBD, and their in-
teraction predict change in symptoms of depression, revealed a significant
THC x CBD interaction, b = —0.03, p = .03. As depicted in Fig. 2 (panel A)
the greatest reduction in ratings of depression were reported after using
cannabis with relatively low levels of THC (one standard deviation [SD]
below the mean of THC) and relatively high levels of CBD (one SD above the
mean of CBD). See Table 1 for overall means and SDs for cannabis used to
treat depression, anxiety, and stress.
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Fig. 1. Symptom ratings of depression (panel A), anxiety (panel B), and stress
(panel C) before and after using cannabis in women and men with standard
error bars.

Note: * denotes significant difference with p < .01.

3.3.2. Anxiety

In contrast, results of the model predicting change in symptoms of
anxiety, using THC, CBD and THC x CBD, revealed no significant in-
teraction, b = —0.26, p = .55 (see Fig. 2, panel B). We then removed
the interaction term from the model to test for main effects of THC and
CBD. Results revealed that neither THC, b = —0.05, p = .33, nor CBD
content, b = —0.006, p = .80, were significant predictors of change in
anxiety ratings.

3.3.3. Stress
The multilevel model testing the effects of cannabinoid content on
changes in ratings of stress revealed a significant THC x CBD interaction,
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Fig. 2. THC x CBD interactions predicting change in depression (panel A),
anxiety (panel B), and stress (panel C). Note: Low = one SD below the mean
value; High = one SD above the mean value. Overall means and SDs are pro-
vided in Table 1.

Table 1
Overall means and standard deviations (SDs) of % THC and % CBD.
Depression Anxiety Stress
% THC Mean (SD) 15.76 (10.35) 15.29 (9.13) 16.53 (9.97)
% CBD Mean (SD) 2.90 (6.73) 3.69 (7.93) 2.97 (8.36)

b =1.47, p < .001. As shown in Fig. 2 (panel C), ratings of stress were
reduced the most after using cannabis with relatively high levels of THC
(one SD above the mean of THC) and relatively high levels of CBD (one SD
above the mean of CBD). In contrast, there was no appreciable differences in
symptom change following use of cannabis with high THC/low CBD, low
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Fig. 3. Change in depression (panel A), anxiety (panel B), and stress (panel C) across different doses (1 to 10 + puffs) of cannabis with standard error bars.

Table 2
Multilevel models testing curvilinear relationships between dose and change in ratings of symptoms of anxiety.
Model 1 (Dose?) Model 2 (Dose®) Model 3 (Dose*)
Predictors b SE P Predictors b SE p Predictors b SE p
Dose 0.17 0.15 .26 Dose 0.17 0.14 .24 Dose 0.17 0.15 .25
Dose” 0.74 0.33 .02 Dose? 0.31 0.14 .04 Dose? 0.21 0.11 .04
Dose® 0.40 0.18 .03 Dose® 0.23 0.11 .04
Dose* 0.29 0.13 .03
Intercept —0.005 0.01 .34 Intercept —0.005 0.01 .34 Intercept —0.005 0.01 .33

Note: b = unstandardized regression coefficient, SE = standard error of estimate.
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THC/high CBD, or low THC/low CBD.
3.4. Aim 4: effects of dose on change in symptom ratings

3.4.1. Depression

Several multilevel models were tested to examine the impact of dose
on change in depression symptom ratings. Results revealed a non-
significant linear effect of dose predicting change, b = 0.06, p = .75.
We therefore tested for curvilinear relationships (i.e., dose?, dose®,
dose*); however, none of these models revealed significant effects of
dose on change in symptoms of depression (see Fig. 3, panel A).

3.4.2. Anxiety

Results of models testing change in ratings of anxiety across dif-
ferent doses also revealed a nonsignificant linear effect, b = 0.15,
p = .33. We therefore tested several models to explore curvilinear re-
lationships. First, a model was tested wherein we added the quadratic
term for dose (i.e., dose?), and we found a significant curvilinear re-
lationship (see Table 2, Model 1). Another model was tested wherein
we added a cubic term for dose (i.e., dose®) to the previously tested
model, and parameter estimates remained significant (see Table 2,
Model 2). Lastly, a model was tested wherein we added dose to the
fourth power (i.e., dose*). Once again, results revealed a significant,
curvilinear relationship (see Table 2, Model 3). Further contrasts re-
vealed that 1 puff produced significantly smaller changes in ratings of
anxiety than all other doses (2 to 10+ ), but no other differences across
doses beyond 1 puff were detected (see Fig. 3, panel B).

3.4.3. Stress

The model tested to examine the effect of varying doses on change
in ratings of stress revealed a significant linear effect of dose, b = 0.45,
p = .03. As depicted in Fig. 3 (panel C), further contrasts revealed the
following significant differences in doses: 1 puff <5, 6, 7, 8, and
10 + puffs; 2 puffs < 5, 6, 7, 8, and 10 puffs; 10 puffs > 9, 6, 5, 4, 3, 2,
and 1 puffs.

3.5. Aim 5: changes in perceived efficacy of cannabis across tracked
sessions

Results of the multilevel analyses examining changes in perceived
efficacy of cannabis (i.e., tolerance effects) across time/sessions re-
vealed no significant change in the perceived efficacy of cannabis on
depression (b = 0.003, p = .52), anxiety (b = 0.007, p = .07), or stress
(b = 0.007, p = .32) across tracked sessions.

3.6. Aim 6: changes in baseline symptom ratings across tracked sessions

Results of the multilevel analysis examining change in baseline
symptom ratings (i.e., ratings of depression immediately before using
cannabis) across tracked sessions indicated that baseline symptoms of
depression significantly increased across time/sessions, b = 0.008,
p =.006. In contrast, the analyses examining change in baseline
symptom ratings of anxiety and stress across tracked sessions indicated
no significant changes in baseline symptoms of anxiety (b = 0.007,
p = .09), or stress, (b = 0.01, p = .26).

4. Discussion

The present study was conducted to provide a naturalistic account
of perceived changes in symptoms of negative affect as a function of
cannabis use. The results indicate that both women and men perceived
a significant reduction in symptoms of depression, anxiety, and stress
after inhaling cannabis. Despite comparable levels of anxiety before
using cannabis, women reported a significantly greater decrease in
anxiety following cannabis consumption compared to men. This is
somewhat consistent with previous findings that women are more likely
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than men to report using cannabis to manage anxiety (Cuttler et al.,
2016). Across both genders, self-reported symptoms of depression were
reduced by approximately 50%, while symptoms of anxiety and stress
were reduced by approximately 58%. Moreover, for the vast majority of
tracked sessions, users reported a reduction in symptoms of depression
(89%), anxiety (93%), and stress (93%) after inhaling cannabis. It is
important to note that these percentages are likely inflated in the pre-
sent sample, as individuals who regularly experience symptom ex-
acerbation following use of cannabis may be less likely to continue to
use cannabis to treat their symptoms and/or to track their symptom
changes across time. Nevertheless, results from the present study are
consistent with the reported anxiolytic, stress-alleviating effects of
cannabis, and suggest that users experience significant and substantial
reductions in symptoms of negative affect following cannabis use.

Results from the multilevel models tested to examine THC x CBD
interactions revealed a significant cross-over interaction predicting
change in ratings of depression. Low levels of THC combined with high
levels of CBD predicted the greatest reductions in reported symptoms of
depression, while high levels of THC combined with high levels of CBD
predicted the lowest levels of reported symptom reduction. In contrast,
varying levels of THC (high vs. low) appeared to have little influence on
the degree of symptom reduction when CBD was low. Similarly, varying
levels of THC (high vs. low) appeared to have little influence on change
in stress ratings when CBD was low. However, when CBD was high,
there was an effect of THC such that higher levels of THC predicted
greater reductions in symptoms of stress relative to low levels of THC.
These results suggest that cannabis with relatively high CBD
(e.g., > 9.5%) and low THC (e.g., < 5.5%) is perceived to be more ef-
fective in reducing symptoms of depression, while cannabis with high
CBD (e.g., > 11%) and high THC (e.g., > 26.5%) is perceived to be
more effective in reducing stress. The non-medical cannabis market is
currently dominated by the sales of high THC cannabis products
(Smart et al., 2017) but these results suggest that CBD is an important
component of cannabis and that medical cannabis users should seek out
cannabis with CBD levels of 10% or higher. While intriguing, there are
currently no controlled examinations of THC x CBD interactions in the
treatment of depression or stress, and it is possible that anecdotal evi-
dence propagated by bud-tenders and popular culture could be biasing
medical cannabis users’ expectations and experiences. That is, medical
cannabis users’ beliefs regarding the therapeutic efficacy of THC- and/
or CBD-rich chemotypes could have contributed to a potential ex-
pectancy effect. Future studies should examine this possibility in a more
controlled setting.

The results also indicate the presence of a positive, linear, re-
lationship between dose and perceived changes in stress. 10+ puffs
were associated with the greatest change in ratings of stress. In contrast,
models tested to examine the effects of dose on perceived changes in
symptoms of anxiety revealed the presence of significant curvilinear
relationships. Follow-up tests revealed that 1 puff was perceived as less
effective than any other dose; however, there were no other significant
differences across any other doses (e.g., 2 puffs were perceived to be as
effective as 10+ puffs). Finally, we found no evidence for dose effects
on change in ratings of depression. In other words, a single puff resulted
in the same magnitude of change in ratings of depression as 10+ puffs.
These findings may support the notion of “micro-dosing” to alleviate
symptoms of depression and anxiety. Nevertheless, it is important to
note that different methods of administration (e.g., smoking, con-
centrate, dab bubbler) were included together in these analyses and
these different methods of administration would affect the potency of
the cannabis. Therefore, future research is needed to manipulate
method of administration, and then contrast the relative effects of dif-
ferent doses of cannabis, to provide more precise guidance on optimal
doses for different routes of administration.

Collectively, these results appear to suggest that in the short-term,
cannabis effectively reduces perceived levels of depression, anxiety,
and stress in both women and men. But what, if any, longer-term
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consequences are associated with the repeated use of cannabis to
manage states of negative affect? A major advantage of the multilevel
modeling approach is that it affords exploration of change in perceived
efficacy of cannabis in individuals over time. The results of these ana-
lyses revealed no apparent subjective tolerance effects, which is con-
sistent with recent evidence of no objective tolerance to the psycho-
motor effects of THC (Ramaekers et al., 2016).

Finally, examination of whether repeated use of cannabis to manage
states of negative affect results in any appreciable change in baseline
(pre-cannabis use) symptoms over time indicated that baseline ratings
of anxiety and stress remained fairly stable across tracked sessions,
while baseline ratings of depression significantly increased over time/
sessions. The value of the regression coefficient indicates that for every
additional tracked session over time, one would predict a 0.008-unit
increase in baseline ratings of depression (i.e., after 125 treatment
sessions, one would predict a 1-unit increase in baseline depression
ratings on a 0 to 10 scale). This is consistent with recent evidence in-
dicating that using cannabis to cope with distress is associated with
more cannabis-related problems and increased symptoms of depression
(Bonn-Miller et al., 2014; Moitra et al., 2015). Chronic cannabis use
decreases CB1 receptor availability in cortical areas implicated in mood
disorders (Hirvonen et al., 2012), and a growing body of preclinical
evidence indicates that genetic or pharmacological CB1 receptor
blockade produces a phenotype that is strikingly reminiscent of the
symptom profile of major depression (see Gorzalka and Hill, 2011 for
review). Collectively these results suggest that chronic use of cannabis
to cope with symptoms of depression may increase susceptibility for
depression by altering the endocannabinoid system. Fortunately, al-
terations in CB1 receptor availability in chronic cannabis users are re-
versible after only a short (~2 day) period of abstinence, with no sig-
nificant differences after 28 days of abstinence (D’ Souza et al., 2016).
Finally, it is worthwhile to note that there is evidence that anti-
depressant medications are effective in the short-term, but that longer
duration of use may actually increase vulnerability to relapse upon
discontinuation (Fava, 2003). Thus, similar to more conventional
pharmacological treatments, cannabis may temporarily mask symptoms
of negative affect but may not effectively reduce these symptoms in the
long-term.

4.1. Limitations and strengths

One limitation of the present study is that the sample likely un-
derrepresents individuals who do not find cannabis to be an effective
means for reducing their symptoms of negative affect; such individuals
would be unlikely to continue to use cannabis for this purpose. Another
limitation is the lack of a placebo control group. Given that the data
were obtained from medical cannabis users who were using their own
cannabis in their own environment, it was not possible to obtain a
comparison group. As such, it is possible — and likely — that at least
some of the detected effects are driven by expectations individuals have
about the efficacy of cannabis for treating states of negative affect.
Therefore, it is vital that the results from the present study be further
investigated under double-blind, placebo-controlled conditions.

While the majority of the data on THC and CBD levels were obtained
from licensed producers who are held to strict testing standards by Health
Canada, some of these data were entered by users of the app. As such some
of these data may have more questionable reliability. Future more con-
trolled research involving the testing of a select few products is therefore
needed to further probe potential THC x CBD interactions. Finally, the
failure to consider content of other phytocannabinoids and terpenoids found
in cannabis represents a limitation of the present study. There are over 100
additional phytocannabinoids and at least 120 terpenes in cannabis that
may contribute to its medicinal properties, either independently, or by ex-
acerbating/mitigating the pharmacological effects of THC (Calvi et al.,
2018). The effects of these other compounds will need to be explored in
future research when these data become more readily available.
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Nevertheless, these limitations are offset by several noteworthy
strengths. Namely, since the data were obtained from a large sample of
medical cannabis users who were using a variety of cannabis products
in their natural environment, the study has very high ecological va-
lidity, and the results are likely to reflect the actual experiences of
people who use cannabis to treat symptoms of negative affect.
Moreover, medical cannabis users’ motivation for using the app is
predominantly to track their personal symptoms to better understand
the products and doses of cannabis that produce the most beneficial
effects for them. Although Strainprint's™ terms of use indicate that the
data may be used for any purpose deemed appropriate, most users
would be unaware that their data are being used for scientific in-
vestigations. Therefore, it is unlikely that the results are biased by users’
explicit motivations to portray cannabis in a good light.

In summary, the internal validity of the findings of the present study
may be threatened by implicit biases (i.e., expectancy effects), but the
findings are unlikely to be threatened by explicit biases and have high
ecological validity. As such, results from the present study provide an
important complement to the more internally valid, controlled labora-
tory studies.

4.2. Conclusions

Results from the present study indicate that medical cannabis users
report a substantial and significant reduction in symptoms of negative
affect shortly after using cannabis. Importantly, while acute cannabis
intoxication temporarily alleviates perceived states of depression, an-
xiety, and stress, the repeated use of cannabis does not appear to lead to
any longer-term reductions in these symptoms.
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Abstract

Background
The literature describing the global prevalence of anxiety disorders is highly variable. A systematic

review and meta-regression were undertaken to estimate the prevalence of anxiety disorders and to
identify factors that may influence these estimates. The findings will inform the new Global Burden

of Disease study.
Method
A systematic review identified prevalence studies of anxiety disorders published between 1980 and

2009. Electronic databases, reference lists, review articles and monographs were searched and
experts then contacted to identify missing studies. Substantive and methodological factors
associated with inter-study variability were identified through meta-regression analyses and the

global prevalence of anxiety disorders was calculated adjusting for study methodology.
Results
The prevalence of anxiety disorders was obtained from 87 studies across 44 countries. Estimates of

current prevalence ranged between 0.9% and 28.3% and past-year prevalence between 2.4% and
29.8%. Substantive factors including gender, age, culture, conflict and economic status, and
urbanicity accounted for the greatest proportion of variability. Methodological factors in the final
multivariate model (prevalence period, number of disorders and diagnostic instrument) explained an
additional 13% of variance between studies. The global current prevalence of anxiety disorders
adjusted for methodological differences was 7.3% (4.8—-10.9%) and ranged from 5.3% (3.5-8.1%) in

African cultures to 10.4% (7.0-15.5%) in Euro/Anglo cultures.
Conclusions
Anxiety disorders are common and the substantive and methodological factors identified here

explain much of the variability in prevalence estimates. Specific attention should be paid to cultural
differences in responses to survey instruments for anxiety disorders.
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Abstract

The endocannabinoid (eCB) system has emerged as a central integrator linking the perception of
external and internal stimuli to distinct neurophysiological and behavioural outcomes (such as fear
reaction, anxiety and stress-coping), thus allowing an organism to adapt to its changing
environment. eCB signalling seems to determine the value of fear-evoking stimuli and to tune
appropriate behavioural responses, which are essential for the organism’s long-term viability,
homeostasis and stress resilience; and dysregulation of eCB signalling can lead to psychiatric
disorders. An understanding of the underlying neural cell populations and cellular processes
enables the development of therapeutic strategies to mitigate behavioural maladaptation.

If asked for the main reason why they use this largely illicit drug, the majority of cannabis
users in the world would probably answer “it relaxes me” (REF. 1). This indicates that
cannabinoid signalling in the brain and the body has a central role in the control of stress,
fear and anxiety. Recently, the molecular, cellular and circuit mechanisms underlying these
functions have started to be deciphered.

Appropriate behavioural responses to external (such as sensory inputs) and internal stimuli
(such as endocrine, paracrine, metabolic and neuronal signals) are vital for an organism’s
survival. Ideally, the consequent reactivity of the organism to stimuli is intrinsically
regulated in an optimal manner, to avoid excessive or insufficient reactions, both of which
can jeopardize the organism’s survival. A large body of data has emerged in recent years
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pointing to a crucial role of the endocannabinoid (eCB) system in the regulation of the
behavioural domains of acquired fear, anxiety and stress-coping?~’. The eCB system
modulates synaptic transmission processes®?, thereby regulating behavioural outputs.

Despite the fact that the eCB system is widely distributed in the CNS?-10_ its activity is
highly specific and localized. To understand this specificity in the context of fear, anxiety
and stress-coping, one needs an integrated view of the eCB-mediated control of relevant
brain regions (mainly the hippocampus, prefrontal cortex (PFC), amygdala and
hypothalamus) and their interregional connectivity, and of the communication of these brain
regions with peripheral organs (via the hypothalamic—pituitary—adrenal (HPA) axis and
sympathetic nervous system). Within distinct brain regions, eCB signalling can differentially
modulate the activity of multiple cell types (neuronal subtypes®, astrocytes!! and
microglial?), and in turn can execute context-related alterations in synaptic transmission,
resulting in fine-tuned patterns of neuronal activity.

The eCB system classically includes cannabinoid receptor type 1 (CB1R) and CB2R, their
endogenous lipid ligands (the eCBs; the most-studied of which are 2-arachidonoyl glycerol
(2-AG) and N-arachidonoylethanolamine (AEA; also known as anandamide)), and eCB-
synthesizing and -degrading enzymes® (FIG. 1).

Here, we discuss recent progress in understanding how the eCB system is an integral part of
the interface between stimulus input and executive responses at the synaptic and behavioural
levels, and how it is involved in feedback mechanisms leading to adapted neuronal and
behavioural reactions. Our discussion also includes pathophysiological states, as observed in
anxiety- and stress-related dysfunctions, such as anxiety disorders. We evaluate whether the
activity of the eCB system is altered in these disease states and whether these observations
might lead to possible approaches for therapeutic intervention.

Modulation of synaptic processes

The eCB system is widely distributed in the CNS!0, constituting a complex signalling
system” that subserves multiple modes of synaptic transmission modulation®13-13 The
specific outcome of eCB-mediated modulation of synaptic transmission is dependent on the
synapse-specific expression of the protein components of the eCB system (FIG. 1).
Although the eCB system is highly abundant in the CNS!?, not all synapses contain a
functional eCB system. As CBIR is the major constituent of the eCB system, the expression
of CBIR is highly indicative of the presence of eCB signalling at that particular synapse.
The eCB system is expressed at some synapses in all brain regions that are important for the
processing of anxiety, fear and stress, including the hippocampus!®17, the PEC!8, the bed
nucleus of the stria terminalis (BNST)!?, the basolateral amygdala (BLA)!6-20, the central
amygdala (CeA)?1-22 and various hypothalamic nucleiZ3. In cortical areas (including the
cerebral cortex, hippocampus and cortical parts of the amygdala), CBIR is highly expressed
in cholecystokinin (CCK)-positive GABAergic interneurons, whereas CB1R expression is
largely absent from other interneuronal subtypes (for example, calretinin-and parvalbumin-
positive interneurons)!®!7. Much lower levels of CBIR expression are present in
glutamatergic neurons of cortical regions”!0-16. However, cortical glutamatergic CBIR has
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been shown to have important functional roles, including the control of synaptic
transmission and neuronal excitability!32423. CBIR is also present in the cholinergic,
serotonergic and noradrenergic system, suggesting that the eCB system is involved in the
suppression of the release of these neurotransmitters, although direct electrophysiological
evidence is mostly lacking2®—2%, Furthermore, CBIR is present at very low levels in
astrocytes®?. CB2R is expressed in microglia, particularly in activated microglia, but the
question of CBIR expression in these cells needs further investigation!2.

At the synapse, eCBs function as retrograde messengers, binding to presynaptic CBIR,
which in turn mediates the suppression of neurotransmitter release, leading to either
transient eCB-mediated short-term depression (eCB-STD) or eCB-mediated long-term
depression (eCB-LTD) of synaptic transmission (FIG. 2a). In addition, arachidonic acid
(AA), which is both a precursor (in a lipid-esterified form) and a degradation product of
eCBs, has recently been found to also act as a retrograde messenger, potentiating excitatory
transmission in a process called depolarization-induced potentiation of excitation (DPE)?!
(FIG. 2b). Interestingly, many years ago, it was reported that AA can modulate synaptic
transmission by various mechanisms3233. DPE has to be taken into consideration, as the
genetic and pharmacological modulation of eCB-synthesizing and -degrading enzymes can
lead to considerable changes in AA levels3439, thereby presumably also influencing
synaptic transmission. Owing to diffusion in the extracellular space of eCBs at the synapses,
eCBs can also modulate neurotransmitter release at neighbouring synaptic terminals, leading
to heterosynaptic suppression of neurotransmitter release!* (FIG. 3a). The eCB system and
CBIR are also present and functional in astrocytes, thus eCB signalling is integrated into the
concept of the ‘tripartite synapse’, including pre-and postsynaptic elements and surrounding
astroglial processes! 17 (FIG. 3b).

A central feature of the eCB system is that eCBs are synthesized on demand from cellular
membrane lipids following various stimuli!4. This is well documented for 2-AG, whose
synthesis was shown to be stimulated after increased postsynaptic intracellular Ca%*
concentration or increased activity of phospholipase CB (PLCp). The on-demand generation
of AEA is not well characterized yet, owing to the lack of a detailed understanding of the
mechanisms of AEA synthesis. The concept of on-demand eCB synthesis represents an
attractive construct for understanding the roles of the eCB system in neuronal-network
modulation and behaviours. In this construct, the eCB system is thought to be transiently
activated at distinct synapses where the different cellular elements involved have been
stimulated beyond a certain threshold. According to this view, the eCB system constitutes a
brake mechanism used to fine-tune the network activity of specific brain circuits®38. This
mechanism, which seems to be mediated mainly by 2-AG, is an activity-driven process: eCB
signalling is mostly silent when activity is low. Other molecules that induce eCB synthesis

39.40 and estradiol*!, leading to the

have also been identified, including corticosteroids
hypothesis that eCB signalling is the effector by which these hormones alter synaptic
activity. Conversely, there are convincing data that AEA is involved in the tonic suppression
of neurotransmitter release'4.

Thus, the eCB system has emerged as a modulator of synaptic activity via a multitude of

different mechanisms, resulting in either enhancement or suppression of general network
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activity. The eCB system is present throughout brain areas and neuronal circuits controlling
anxiety®*2, fear**2 and stress*?, from sensory circuits to output nuclei.

Anxiety behaviour

Anxiety is an innate behavioural state associated with the anticipation of potential future
threats that allows an organism to avoid potentially dangerous or harmful situations. Inputs
from multiple senses are evaluated to assess these potential dangers and to initiate
appropriate behavioural responses. The physiological and emotional state of the organism at
the moment of this perception plays an important part in the evaluation of threat and
determines the intensity of the autonomic, hormonal and behavioural outputs. Anxiety-like
behaviours (for example, avoidance, decreased motion, increased heart rate and
hypervigilance) occurring within the normal range of intensity are important for survival.
However, when anxiety behaviours chronically exceed the normal range and become
disproportionate to the actual level of danger, deleterious physical and psychological
consequences ensue, eventually leading to anxiety-related neuropsychiatric disorders**43.
Increasing insights into the brain regions and neuronal circuits regulating anxiety have been
gained during the last years*2.

A large number of pharmacological and genetic studies support the role of the eCB system
as an important regulator of anxiety-like behaviours*#®. Analysis of global CB1R-deficient
mice revealed increased anxiety-like behaviour under highly aversive conditions but not
under less aversive conditions*’. This could occur because eCB signalling is mobilized only
when the stimulus is very strong or because eCB synthesis has been sensitized by a previous
negative event*®, The conditional deletion of the gene encoding CBIR in cortical
glutamatergic neurons, which interconnect several brain areas of the anxiety circuits, did not
result in differences in behavioural responses in standard anxiety tests (for example, the

47 or non-aversive

elevated plus maze, which is a model of mild stress) under aversive
conditions*”#%. However, these mice exhibited decreased exploratory behaviour>%-3! and
increased thigmotaxis in the Morris water maze (a model of spatial learning that also places
the animal under mild stress)>2. These phenotypes might be seen as a neophobic behaviour,
and thus as increased anxiety-like behaviour. Complementary to these loss-of-function
studies, specific genetic-rescue experiments showed that re-expression of CBIR in cortical
glutamatergic neurons is sufficient to almost completely restore wild-type anxiety-like
behaviour in mice lacking CB1R expression in all cells of the body except cortical
glutamatergic neurons>>.

Conversely, the loss of CB1R in forebrain GABAergic neurons leads to increased
exploratory behaviours in mildly aversive conditions>%-31, which can be interpreted as
reduced anxiety-like or neophobic behaviour. However, in the elevated plus maze, the
exploratory behaviour of these conditional-knockout mice was the same as that of
controls*®. Thus, CB1Rs on cortical glutamatergic and GABAergic neurons exert opposing
control on anxiety-like behaviours, but only when the environmental aversiveness exceeds a
certain threshold. This is in agreement with the notion that the eCB system exerts a
‘buffering’ effect on neuronal activity in specific circuits. This function seems to operate
within specific limits of neuronal activity, whereby a certain minimal strength of stimulus is
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needed to engage eCB signalling, and when this activity overcomes certain limits, the
buffering capacity is exhausted’.

Numerous pharmacological studies support the notion of bidirectional regulation of anxiety
circuits and behaviour by CBI1R. It is well known that exogenous cannabinoids influence
anxiety-like behaviour in a biphasic manner, with low and high doses exerting anxiolytic and
anxiogenic states, respectively, in both animals and humans®*. These pharmacological
effects are mediated by CB1R. Cell-type-specific CB1R-deficient mice have enabled the
identification of the underlying mechanisms of these biphasic effects*”. The anxiolytic effect
of cannabinoids at low doses depends on the presence of CB1R on cortical glutamatergic
neurons, whereas the anxiogenic effect of higher doses is mediated by CB1R on forebrain
GABAergic neurons. This observation is consistent with previous experiments in which the
cannabinoid receptor agonist A’-tetrahydrocannabinol (THC) was locally injected into the
ventral hippocampus or PFC: a low THC dose evoked an anxiolytic response, whereas a
high THC dose led to an anxiogenic response>.

Taken together, these genetic and pharmacological experiments suggest a mechanism for the
processing of anxiety-related stimuli in which CBIR on glutamatergic neurons and
GABAergic neurons decreases excitatory and inhibitory drive, respectively, thereby
explaining the opposing effects of manipulation of these two transmitter systems on
anxiety*?->!. Consistent with these behavioural data and the notion of opposing functions
depending on cellular expression, mice with CB1R deficiency in cortical glutamatergic
neurons were shown to exhibit overexcited hippocampal circuits (that is, increased long-term
potentiation (LTP), spine density and dendritic branching in pyramidal neurons). By
contrast, mice with CB1R deficiency in forebrain GABAergic neurons displayed decreased
excitability of these circuits (that is, decreased LTP, spine density and dendritic branching in
pyramidal neurons) (FIG. 4). These results indicate that the loss of CB1R in either neuronal
population induced an allostatic shift and long-term dysregulation of the functions of
hippocampal pyramidal neurons>°. Interestingly, this bimodal control of excitability exerted
by glutamatergic and GABAergic CBIR correlates well with the behavioural alterations
observed.

Genetic and pharmacological interference with eCB-synthesizing and -degrading enzymes,
leading to alterations in eCB levels, has also revealed the importance of eCBs in the
regulation of anxiety. Genetic deletion of fatty acid amide hydrolase (FAAH), the primary
AEA-degrading enzyme in the CNS, leads to increased AEA levels in the brain and to
decreased anxiety-like behaviour in the elevated plus maze and the light—dark test (animal
models that measure anxiety-like behaviour)’’. Similar effects occur with pharmacological
blockade of FAAH under basal conditions>’-? and after chronic unpredictable stress
(CUS)®0. Currently, the analysis of conditional inactivation of FAAH is still pending but it
should provide additional information to clarify the exact sites where this enzyme controls
anxiety-related behaviours. Some years ago, a polymorphism in human FAAH was
identified (rs324420; in which cysteine 385 is changed to alanine)®!. This alteration leads to
a destabilized FAAH enzyme and, consequently, to an increase in AEA signalling. Humans
and mice homozygous in this allele (FAAHA'A) show decreased anxiety-like behaviour and
increased fear-extinction learning®2. Functional MRI (fMRI) investigations revealed
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increased functional connectivity between the ventromedial PFC (vmPFC) and amygdala in
these people. Remarkably, the presence of this polymorphism results in comparable
phenotypes in micef2.

With regard to 2-AG signalling, it has recently been reported that deficiency of the 2-AG-
synthesizing enzyme, diacylglycerol lipase-a (DAGLa), leads to markedly decreased 2-AG

34,36 The anxiety-like behaviour was

brain levels and to increased anxiety-like behaviour
rescued by pharmacological blockade of the 2-AG-degrading enzyme monoacylglycerol
lipase (MAGL) with JZL184 (REF. 34). In agreement with these observations, impairment
of 2-AG signalling in hippocampal glutamatergic neurons by viral overexpression of MAGL
also led to decreased 2-AG levels and increased anxiety-like behaviour®. Conversely,
pharmacological inhibition of MAGL in wild-type mice by JZL184 had anxiolytic effects

60,64,65

under basal conditions , under increased aversive conditions®® and after CUS0%:67,

Non-CB1R actions in anxiety

The influence of eCBs on anxiety is made more complex by their activity at receptors other
than CB1R. Postsynaptic transient receptor potential cation channel subfamily V member 1
(TRPV1) can be activated by AEA, thereby enhancing postsynaptic currents. Decreased
anxiety-like behaviour has been observed in mice lacking TRPV1 (REF. 68). As TRPV1 is
expressed and functional in both GABAergic and glutamatergic neurons23-°*-72, the analysis
of conditional TRPV1-deficient mice will be important and might reveal a behavioural
dichotomy similar to that observed with CB1R. Furthermore, CB2R has been implicated in
the eCB-dependent regulation of anxiety-like behaviours’3:74. However, owing to the
enigmatic expression of this receptor in neurons (BOX 1), the mechanistic basis of these
observations is far from being understood.

The importance of CB1R-and TRPV1-mediated signalling in anxiety-like behaviour has also
been investigated by using local applications of pharmacological agents that modulate eCB-
system activity. These experiments revealed direct roles for CB1R-and TRPV 1-mediated
signalling within the ventral hippocampus®>, PFC>-75, BLA%> and periaqueductal grey
(PAG)76-77_ Although they have a common ligand, AEA, the involvement of CBIR and
TRPV1 in anxiety is opposite, constituting an intriguing antagonistic regulatory mode
between both signalling systems’$.

In conclusion, the eCB system controls anxiety-related brain regions at many different
levels. Based on present knowledge, it seems that the general role of this system is to control
excessive activation (thereby exerting anxiolytic functions). However, it is interesting to note
that additional mechanisms (for example, CB1R signalling at GABAergic synapses) seem to
mediate opposite (that is, anxiogenic) functions under certain conditions (FIG. 4). From an
evolutionary point of view, the presence of CB1R and TRPV1, and the eCB signalling on
both antagonizing neurotransmitter systems (that is, glutamatergic and GABAergic neurons),
seems to be highly beneficial for the appropriate regulation of anxiety-like behaviour.
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Fear behaviour

Anxiety is elicited by potentially dangerous but unspecified future threats, whereas fear is
the response to specific and actual threatening stimuli. Thus, we will probably be anxious if
we are walking in an area known to contain poisonous snakes (a potential but unspecific
threat), but we feel fear when we encounter a poisonous snake directly (an actual and
specific threat)’?.

In a similar manner to anxiety, fear perception, elaboration and response involves neuronal,
autonomic and hormonal responses. The behavioural reactions to specific threats can be
passive in nature (that is, aimed at hiding from or passively avoiding the source of threat; for
example, by freezing) or active in nature (that is, aimed at escaping and actively avoiding the
danger). Fear can be innate (such as human fear of snakes and/or other animals) or acquired
(when the individual learns that a certain stimulus represent a specific threat to well-being or
life). All these modalities of fear and fear responses have been studied in experimental
settings, and there is scientific literature linking these aspects to the eCB system2~>. Cued
fear conditioning is the most widely used model to study fear circuits*2-39, In this protocol,
an animal learns to associate an initially neutral stimulus (called a conditioned stimulus
(CS); for example, an acoustic, visual, tactile, gustatory or olfactory cue) with a
simultaneous fear-inducing stimulus (known as an unconditioned stimulus (US); for
example, a mild electric shock). After one or more pairings of the US with the CS, the
subject associates the two stimuli, and the presentation of the CS alone is able to evoke a
fear response’”. This association of the two stimuli (the ‘fear learning’) is typically
consolidated into long-term memory within 6—8 hours. In rodents, the strongest and most-
immediate fear reaction is freezing’®. Scoring of freezing behaviour during presentations of
the CS alone is used to evaluate the strength of the fear elicited by the specific CS. However,
the re-exposure of the subject to the fear stimulus triggers additional neuronal processes,
aimed at adapting the behavioural response to changing environmental conditions®-82. Thus,
short re-exposure to the CS triggers a second round of memory consolidation (called
reconsolidation), whereby new information can be integrated into the original memory3!.
Conversely, prolonged or repeated exposure to the CS in the absence of the US triggers
extinction, resulting in a decline of CS-evoked fear expression®2:83. Clinically, extinction is
thought to be impaired in patients suffering from specific fear-related disorders, such as
phobias or post-traumatic stress disorder (PTSD). Thus, enhanced understanding of the
mechanisms involved in fear extinction can lead to novel treatment options for these
patients.

Brain regions and neural circuits regulating fear have been investigated intensively*2. The
eCB system is present in these fear-related brain areas and is centrally involved in the
regulation of fear-memory processing—. Global genetic deletion and pharmacological
blockade of CBIR consistently induces marked impairment in the decrease of fear responses
(that is, freezing) after repeated or prolonged CS-alone presentations, but less in acquisition
and consolidation of fear memory®4:83, Subsequent experiments using mice lacking CBIR in
cortical glutamatergic neurons revealed that CB1R in these cells is necessary for proper
reduction of the fear response®¢. However, genetic-rescue experiments revealed that CBIR
in cortical glutamatergic neurons is not sufficient to guarantee this behaviour>3. This is in
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strong contrast to the CB1R-dependent control of anxiety behaviour, which was in large part
rescued when CB1R was re-expressed (see above). CBIR deficiency in forebrain
GABAergic neurons does not seem to have an essential role in the reduction of conditioned
freezing responses®®, although a recent study reported decreased freezing in GABAergic-
specific CB1R mutants on the first re-exposure to the conditioned stimulus®’. Further
support for a role of CB1R in GABAergic interneurons comes from evidence that fear
extinction can cause specific remodelling of perisomatic inhibitory synapses in the basal
amygdala, including alterations in the localization of the CB1R on CCK-positive neurons in
this region®8. Furthermore, an interaction between the eCB system and CCK signalling has
been demonstrated, as the decrease in fear extinction that is normally induced by CB1R
antagonism was blunted in CCK-B receptor-deficient mice. This effect is possibly linked to
CBIR expressed on GABAergic neurons in the amygdala®®. CBIR can also control the
expression of aversive memories in different brain regions. For instance, CBIR in the
synaptic terminals of neurons of the medial habenula projecting to the interpeduncular
nucleus was shown to promote the expression of aversive memories in fear conditioning and
conditioned odour aversion experiments?”. Interestingly, these recent results suggest that
CBIR can increase or decrease aversive responses, depending on the specific brain circuits
and cell types that are involved.

The role of 2-AG in fear extinction was shown in mice deficient in DAGLa., which have
reduced 2-AG brain levels. These mutant mice exhibit no impairments in fear acquisition but
show impaired fear extinction3®. These data are in agreement with the requirement of the
¢CB system for proper fear extinction®4. Interestingly, pharmacological enhancement of 2-
AG with the MAGL inhibitor JZL.184 promotes fear expression and impairs fear extinction,
an effect that requires CBIR in forebrain GABAergic neurons®’. In fact, genetic and
pharmacological blockade of MAGL enhances hippocampal depolarization-induced
suppression of inhibition (DSI; a form of eCB-STD at GABAergic synapses)’!-%2, leading to
insufficient GABAergic transmission, which is consistent with increased fear expression.
These results suggest that an optimal level of 2-AG is required for appropriate processing of
fear responses and that having 2-AG levels that are too high or too low impairs the decrease
in fear expression.

Pharmacological experiments that applied CBIR antagonists to specific brain regions
revealed that eCB signalling in the BLA and CeA are important for different phases of fear
extinction?!. CBIR blockade in the BLA led to an impairment of long-term extinction,
whereas CBIR antagonism in the CeA reduced within-session extinction?!. In addition, it
was reported that the magnitude of depolarization-induced suppression of excitation (DSE)
and DSI in the CeA was increased on the day after fear conditioning, showing that CB1R-
mediated synaptic plasticity in the CeA is a consequence of fear conditioning?!.
Pharmacological blockade of CB1R in the infralimbic subregion of the medial PFC also
impairs fear extinction®3.

Pharmacological enhancement of AEA signalling by inhibition of FAAH in the BLA
facilitates fear extinction via activation of the CBIR%4. In these pharmacological
experiments, CB1R on both afferent synaptic terminals and local GABAergic interneurons is
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likely to be activated. Thus, although these experiments reveal the importance of CBIR
signalling in the BLA, they do not give information on the specific neuronal circuits.

Reduction of fear responses

How does the eCB system modulate the fear reaction and the extinction process? Several
theories have been proposed to explain the reduction of fear responses on repeated or
prolonged exposure to a CS82, but the two primary theories refer to overlapping processes of
‘extinction’ and of ‘habituation’ (REFS 3,82). Both these processes are learning phenomena
by which experience modifies future behavioural responses. Extinction is considered an
active associative-learning process, in which a new association is formed, predicting the
absence of the US after CS presentations®2. Conversely, habituation is one of the simplest
forms of memory and relies on the non-associative reduction of responses to repeated
stimuli occurring even in very simple neuronal systems (for example, aplysia®). The eCB
system has been proposed to participate in both of these processes. One possibility is that the
local, CB1R-dependent control of neuronal transmission and plasticity might regulate
associative properties of extinction, by favouring the activation of putative ‘no-fear’ neurons
at the expense of ‘fear’ neurons in amygdalar circuits2. However, another hypothesis is that
eCB signalling might potentiate or activate non-associative habituation processes to dampen
the fear reaction after repeated CS-alone exposures’®. The decrease of freezing response
elicited by repeated tone presentations to mice previously exposed to a footshock not
associated to the tone (non-associative sensitization) was shown to be strongly impaired in
global CB1R-deficient mice and in conditional mutant mice lacking CB1R in cortical
glutamatergic neurons3-2%-97. Remarkably, this concept of habituation is congruent with the
notion of how the eCB system works in stress-coping (see also below), in which it is
activated by repeated exposure to a homotypic stress (that is, an identical repeated sensory
input) and is required for habituation’®. Therefore, the available data support the hypothesis
that the eCB system is required for appropriate and efficient fear relief?, whereby the activity
of the eCB system is increased with each re-exposure to a stimulus associated with a threat
that is no longer present, and the fear response (for example, the freezing behaviour) is
reduced in a manner inversely related to the elevation of eCB-mediated CB1R activation.
This model still has to be verified experimentally by cell-type-specific analyses of eCB
system activity under conditions of repeated exposures to the threatening stimuli.

The extinction of conditioned fear is inhibited by stress exposure, which can be problematic
in the application of extinction-like procedures to treat PTSD in humans. In the inhibitory-
avoidance paradigm, in which the animal (for example, a rat) learns to avoid places
previously associated with punishments, exposure to stress enhances conditioning and
reduces extinction. Both of these effects of stress are inhibited by CB1R agonist injection
into the BLA%. Similarly, the effect of a single prolonged stress (SPS) to inhibit contextual
fear extinction 1 week later is reduced by CBIR activation in BLA or hippocampus
immediately after the SPS190. Furthermore, CBIR activation prevents SPS-induced
upregulation of the glucocorticoid receptor in the BLA and hippocampus, suggesting that
high CBIR activity at the time of trauma reduces the glucocorticoid receptor’s ability to
hyperactivate the fear circuit. Chronic social-defeat stress also impairs contextual fear
extinction, an effect that is alleviated by the treatment with the FAAH inhibitor URB597
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(REF. 101). These data are consistent with the hypothesis that chronic stress creates a
‘hypocannabinergic state’ that results in impaired fear extinction and can be alleviated by
CBI1R agonists and indirect agonists (see below).

Fear-coping strategies

Several theories of fear refer to the coexistence of different coping strategies, or ‘styles’,
which induce specific types of responses to threatening situations; these are usually
classified as passive (or reactive) and active (or proactive)!92:103 Another distinct feature of
the eCB system is its role in the regulation of switching between these different strategies,
that is, between a passive fear response (such as freezing) and active behaviours (such as
escape attempts and risk assessment). In classical fear conditioning, after prolonged
exposure to the threatening stimuli, a switch occurs from passive to active behaviour. Global
CBIR deficiency disrupts this pattern and favours passive responses!?%4. This phenotype
seems to depend on CB1R expressed on cortical glutamatergic neurons, as mutants lacking
CBIR in these neurons display longer freezing responses in fear conditioning and slower
learning of avoidance behaviour in active-avoidance paradigms. Conversely, loss of CB1R
on forebrain GABAergic neurons leads to the opposite phenotype, decreasing freezing and
favouring active behaviours (in this case, digging and rearing) in fear conditioning, and
promoting more efficient active avoidance. Interestingly, when all CS-induced responses
(freezing, rearing and digging, which could all be considered rationally as ‘fear responses’)
were summed over a sufficiently long period of CS presentation, there was no difference in
the patterns displayed by either of the conditional mutants compared with wild-type
controls; that is, there is no difference in total fear-related behaviours. These data
provokingly suggest that the CBIR expressed on either cortical glutamatergic or forebrain
GABAergic neurons does not strongly affect the ‘memory’ of the conditioning event and the
consequent levels of perceived ‘fear’ by the individuals during CS exposition, but merely

determines the individual coping style towards specific threats!04.

Stress-coping

Stress can be defined as a reaction of the body to an internal or external challenge to prepare
its response to possible dangers or injuries. Physical and psychological stress induces a
pattern of responses that allow for coping with the immediate threat followed by recovery to
homeostasis. The earliest responses to stress are neural and occur within seconds of the
stress. Several neurotransmitters are involved in this process, including noradrenaline,
serotonin, GABA, glutamate and the fast-reacting stress hormone adrenaline. Endocrine
responses, mediated by activation of the HPA axis, with the ultimate release of adrenal
glucocorticoids, occur minutes to hours after the stress. Preclinical data strongly support the
hypothesis that eCB signalling is altered by stress (BOX 2) and represents a central
mechanism by which stress alters synaptic plasticity in many brain regions.

Acute stress produces changes in the brain concentrations of the two major eCBs, AEA and
2-AG, and thereby alters CB1R signalling. Acute stress exposure reduces the concentration
of AEA in the amygdala and PFC; these changes are accompanied by an increase in the

activity of FAAH!%> and are mediated by effects of corticotropin-releasing hormone (CRH)
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that alter FAAH activity!%. In the amygdala, reduced AEA concentrations enable the
activation of the HPA axis, and inhibition of FAAH reduces the glucocorticoid response!%>.
Both stress and glucocorticoids increase the concentrations of 2-AG in the hypothalamus,
hippocampus, PFC and raphe nuclei. In the hypothalamus, activation of a plasma membrane-
associated glucocorticoid receptor rapidly increases levels of 2-AG, which acts to inhibit

107 In the PFC, the mechanism by which glucocorticoids elevate 2-AG

glutamate release
levels is not clear, but this increase results in the inhibition of GABA release!8. Both in the
hypothalamus!%? and in the PFC!98, activation of CBIR signalling is required for
glucocorticoid-mediated feedback inhibition of the HPA axis. Interestingly, recent data
indicate that restraint stress is also able to switch eCB-dependent plasticity from LTD to LTP
in the BNST, suggesting that the eCB system can regulate stress responses in several
different brain regions!!?. Food deprivation was also shown to convert an eCB-dependent
LTD of inhibitory transmission to a nitric oxide (NO)-dependent, CB1R-independent LTP of

111

inhibitory transmission in the hypothalamus** ", indicating that eCB signalling is centrally

involved in plastic adaptations induced by different types of stress.

Chronic stress exposure also alters the eCB system throughout the brain. Exposure to non-
habituating, chronic stress downregulates CBIR signalling in many brain regions involved in

112 113 114
b

emotional processing, including the hippocampus''4, striatum* ', nucleus accumbens

116 117 4nd hypothalamusl 18 In the hippocampus,

PFC!!5, dorsal raphe nucleus!¢, amygdala
hypothalamus and striatum, chronic stress reduces signalling by downregulating
CBIR!2113.118 However, in the PFC, chronic stress increases CBIR mRNA expression but
clearly reduces CBIR responsivity at GABAergic terminals''>. Yet another mechanism is at
play in the amygdala, where chronic stress increases FAAH activity and decreases AEA
concentrations, which would be expected to decrease eCB signalling at the level of ligand

17 Different neuronal types, such as cortical glutamatergic, forebrain

availability
GABAergic and serotonergic neurons, are differentially involved in the responses to acute
and chronic stress in mice, again indicating multilevel control of stress responses by the eCB
system28’86’1 19,120.

Repeated exposures to the same stress result in habituation of HPA axis activation and of the
behavioural stress response. Repeated homotypic stress exposures sensitize the eCB system,
which contributes to the habituation to stress?®121. The mechanism involves increased
concentrations of 2-AG, possibly owing to reduced catabolism by MAGL*®. The ability to
habituate to repeated exposure to a non-threatening stimulus is protective, as it avoids the
consequences of chronic stress. The ability of eCB-mediated synaptic plasticity to facilitate
habituation could be one of the most critical roles of this process in the context of human

psychopathology.

In summary, the brain’s ¢CB system links stress exposure to changes in synaptic plasticity,
contributing to activation and feedback regulation of the HPA axis. More importantly for the
understanding of human psychopathology, chronic stress can downregulate CB1R signalling
in brain regions vital for the regulation of affective processes, whereas habituation to stress,
which reduces its effect, is accompanied by enhanced eCB system activity. In more general
terms, the hypothesis can be put forward that the eCB system facilitates the activation of
resilience factors'22:123 during and/or after stress exposure.
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Future directions

Which specific neuronal circuits are regulated by the eCB system?

The eCB system is present in many brain circuits that are known to regulate anxiety, fear and
stress-coping processes. Together with anatomical descriptions, substantial functional
evidence corroborates the idea that eCB signalling modulates synaptic activity at many
‘nodes’ of these circuits. However, direct evidence of these functions of eCB signalling in
freely behaving animals challenged with specific tasks to measure anxiety, fear and stress-
coping behaviours is mostly missing and will require the manipulation of the activity of
well-identified circuits in behaving animals. Therefore, most of the presently available
evidence is correlative in nature and based on parallel mechanisms between in vitro, ex vivo
and /n vivo data, which are powerful and consistent but cannot be used to demonstrate
causality. This limitation, which has negatively affected the progress of behavioural
neurosciences in general, is being addressed by the advent of new technological approaches.
For instance, experimental approaches such as optogenetics and pharmacogenetics!'2412
will allow the examination of the direct causal relationship between the activity of specific
circuits and behaviour in freely moving animals. The application of these techniques to the
field of the eCB system, in combination with cell-type genetic manipulation of eCB system
components using the Cre—/oxP system and viral techniques, will allow the direct causal
relationships between the function of, for example, CBIR in specific circuits and
behavioural outputs to be uncovered!20. Similarly, causal links between eCB system-
meditated electrophysiological and/or synaptic modulations and behavioural outputs need to
be established.

The eCB system and CNS—periphery crosstalk

The eCB system is also centrally involved in the crosstalk between central and peripheral
processes regulating behaviour. This is well known in the control of energy balance and
feeding, in which CB1R expression in the brain and in the periphery synergizes to regulate
both metabolic activity and behavioural outputs!2’. This potential crosstalk has been
extended to anxiety-and fear-related behaviours!28, The anxiogenic effect in the elevated
plus maze test and the freezing-promoting effect in fear-conditioning settings exerted by the
CBI1R antagonist rimonabant were blocked by the administration of peripherally restricted
B-adrenergic receptor antagonists. Interestingly, this blockade also occurred when
rimonabant was administered directly into the brain, suggesting that centrally mediated
hyperactivation of the sympathetic nervous system is a primary consequence of CBIR
blockade!28. There is still much to be learned about eCB-mediated modulation of the
crosstalk between the CNS and the periphery and how this can influence behavioural outputs
(including in anxiety-and fear-related dimensions).

Astroglial CB1R in anxiety, fear and stress-coping

By secreting ‘gliotransmitters’ (for example, glutamate, GABA, ATP and d-serine)'2? and

130

providing energy supply and protection to neurons -, astrocytes can profoundly influence

synaptic activity and brain function, including anxiety-and fear-related behaviours.

Astrocytes and other glial cell types produce eCBs in response to activity-related ATP

131 11,132

release’”" and express low, but functionally important, levels of cannabinoid receptors
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Recent data indicate that physiological synaptic functions are regulated by astroglial
cannabinoid receptors3%:133-135 Tnterestingly, whereas the CBIR expressed at presynaptic
terminals seems to reduce neurotransmitter release, the astroglial CBIR seems to potentiate
synaptic glutamatergic signalling!33:134. Considering that astroglial cells have been
suggested to participate in anxiety, fear and stress-coping!3%-137_ it will be interesting to
assess whether similar astroglial CB1R-dependent mechanisms operate in the effect of
cannabinoids and endocannabinoid signalling on these processes.

Brain bioenergetics in fear, anxiety and stress-coping: a role for CB1R?

The brain, with a weight of about 2% of the entire body, consumes up to 20% of the body’s

138 presumably because bioenergetic processes in the brain are highly active and go

energy
beyond mere cell ‘housekeeping’ and survival. This has been demonstrated both
biochemically!3? and by fMRI'“0, and recent studies have revealed the profound effect of
even limited alterations of energy supply (in the form of ATP) on synaptic functions'4!.
Anxiety, fear and stress elicit high neuronal activity in distinct brain regions accompanied by
high energy requirements, which mean a great demand for ATP. Mitochondria, which are the
main cellular ‘power plants’ producing the large majority of ATP, are therefore crucial for
efficient brain function, including the regulation of mood and anxiety!42. The ability of
cannabinoids to control mitochondrial activity was first reported in the 1970s!43 and is now
thought to be a potentially important way in which eCBs influence cellular and brain
functions!#+143_ Recently, the presence of functional CBIR at mitochondrial membranes
was demonstrated by different groups!46:147 (see REFS 148,149 for methodological
discussions). The brain mitochondrial CBIR (mtCB1R) directly regulates respiration and
ATP production and, at the synaptic level, participates in eCB-dependent synaptic plasticity.
The role of mtCB1R in anxiety-, fear-and stress-related circuits is not known yet, but this

represents an interesting new field for future research.

Functions of peptide eCBs

The eCB family is typically represented by lipid fatty acid derivatives linked to glycerol
(sn-2 acyl glycerol) or amines (N-acyl amides). However, evidence has recently accumulated
that a family of peptide derivatives of a-haemoglobin, called peptide eCBs (pepcans)! >0,
modulates CBI1R activity. In particular, pepcan-12 acts as a negative allosteric modulator of
CBIR10151 and was identified in noradrenergic/adrenergic cells in the brain and in the
adrenal glands!32. Considering the importance of the regulation of the noradrenergic and
adrenergic systems in stress regulation, further studies on pepcan-12 are keenly awaited.

Concluding remarks

The effects of phytocannabinoids on fear, anxiety and stress-coping have been appreciated
for a long time, and the discovery of the active components of the plant Cannabis sativa—
which is celebrated by this series of Review articles on endocannabinoid function in the
brain!3:153-155 __has fuelled the search for underlying mechanisms. Future studies will
need to integrate new discoveries into the larger picture of the eCB-dependent regulation of
anxiety, fear and stress responses. Based on its multiple and diverse mechanisms of action,
the eCB system can also be considered as a suitable tool to shape and fine-tune diverse and
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complex behaviours. Indeed, in a bottom-up approach, starting from any of the elements of
the eCB system (receptors, different types of ligands, triggers and enzymes involved in
ligand synthesis and degradation), researchers are asked to follow several different pathways
involving diverse elements of the mechanisms underlying complex behaviours, such as
neuronal circuits, synaptic plasticity, astroglial functions, eCB biochemistry and
bioenergetics. In the end, these studies raise strong hopes not only for a better understanding
of basic behavioural processes but also for future therapeutic interventions to tackle their
dysfunctions, which are particularly warranted in affective disorders (BOX 3). These reasons
make the study of the eCB system a highly fascinating aspect of neuroscience, and the next
decades of research will surely bring new and exciting discoveries and concepts.

Box 1
Enigmatic neuronal CB2R and its role in anxiety

The presence of neuronal cannabinoid receptor type 2 (CB2R) was recently revealed in
several brain structures! 3157  although the low expression levels and technical aspects
have continuously raised questions about the validity of these results!37-15%. Recent
behavioural studies using genetically modified mice and pharmacological tools have
provided evidence that CB2R is involved in several behavioural responses, including
anxiety. Indeed, chronic pharmacological blockade of CB2R produced anxiolytic effects
mediated by an alteration of GABA 5 receptor function!®0. Furthermore, transgenic mice
overexpressing the CB2R in CNS neurons showed decreased anxiety-like behaviour and
impaired anxiolytic effects of benzodiazepines'®!. CB2R was shown to be involved in the
anxiolytic-like responses induced by 2-arachidonoyl glycerol (2-AG)%*, and blockade of
CB2R normalized the anxiety-like phenotype of fragile X mental retardation 1 (Fmrl)-
knockout (Fmrl™¥) mice’. Despite these accumulating data, the molecular and cellular
mechanisms by which the neuronal CB2R may influence behaviour have remained
enigmatic. In this context, it is important to note that the CB2R is clearly expressed in
brain immune cells (microglia). Thus, an immune cell-neuron interaction might be
accountable for the behavioural phenotypes observed in CB2R-deficient mice, and the
‘enigmatic’ CB2R expression in neurons may not be functionally relevant in anxiety
behaviours. To this end, further investigations using cell-type-specific deletions of the
gene encoding CB2R are required.

Box 2
eCB-based synaptopathies

A major function of the endocannabinoid (eCB) system is its ability to suppress
neurotransmitter release in a retrograde manner (see the figure, part a). Many studies
have investigated whether dysregulation of eCB signalling contributes to synaptopathies.
Stress has a strong effect on eCB system functions. For example, acute stress results in
increased activity of fatty acid amide hydrolase (FAAH) in the basolateral amygdala
(BLA), via a corticotropin-releasing hormone (CRH) receptor type 1 (CRHR1)-mediated
mechanism!%° (see the figure, part b). Increased FAAH activity results in reduced

concentrations of N-arachidonoylethanolamine (AEA) and thus in increased excitability
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of principal neurons in the BLA because AEA is not available for the retrograde
suppression of glutamate release; eventually leading to increased anxiety-like behaviour.
Chronic stress (see the figure, part ¢) has recently been shown to cause an impairment of
2-arachidonoyl glycerol (2-AG) synthesis, through collapse of a signalling cascade in
glutamatergic neurons in the BLA, a process involving the activation of a metabotropic
glucocorticoid receptor (mGR), leading to increased activity of protein tyrosine
phosphatase 1B (PTP1B) via decreased palmitoylation and cytoplasmic activity of its
inhibitor, LIM domain only 4 (LMO4; translocation out of dendrite). In consequence,
PTP1B shows enhanced inhibition of metabotropic glutamate receptor 5 (mGluRS; also
known as GRMS) phosphorylation, resulting in decreased diacylglycerol lipase-a
(DAGLa) activity and 2-AG production!®2. Pharmacological inhibition of PTP1B
rescues the insufficient 2-AG production and the anxiety-like phenotype after chronic
stress!92, Likewise, mutations in the gene fragile X mental retardation 1 (FMR/) in the
fragile X syndrome (see the figure, part d) result in an uncoupling of DAGLa from the
mGIluR5-Homer complex!03-165 This leads to impaired 2-AG production and decreased
retrograde suppression of both GABAergic and glutamatergic transmission, and coincides
with increased anxiety and cognitive impairments’4. AMPAR, AMPA receptor; CBIR,
cannabinoid receptor type 1; CORT, corticosterone; Gy, G4 family G protein; NMDAR,
NMDA receptor.

Box 3
Therapeutic targeting
Stimulation of cannabinoid receptors

Clinical findings suggest a negative correlation between endocannabinoid (eCB) system
activity and anxiety!%°. Cannabinoid receptor type 1 (CB1R) agonists can have
unacceptable side effects>*, whereas increasing eCB levels by inhibiting eCB-degrading

enzymes could be more selective. Enhancement of N-arachidonoylethanolamine (AEA)
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and 2-arachidonoyl glycerol (2-AG) by fatty acid amide hydrolase (FAAH) and
monoacylglycerol lipase (MAGL) blockade, respectively, attenuates anxiety in
rodents®07-167 The anxiolytic effect of AEA depends on CBIR and is associated with
cognitive impairments, whereas the anxiolytic effect of 2-AG is CB2R-dependent and not
associated with cognitive disruption®. However, other studies reported a CB1R
involvement in the 2-AG anxiolytic effect using different behavioural models®> and
animal species®. As these indirect agonists have not yet been approved for use in
humans, the option of direct CBIR stimulation has yet to be explored, whereby CBI1R

stimulation with A%-tetrahydrocannabinol (THC) enhances fear extinction in humans!68,

which warrants further investigation in post-traumatic stress disorders (PTSD)!¢%.

Other strategies have been proposed to minimize cannabinoid side effects. Blockade of
the mammalian target of rapamycin (mTOR) pathway prevents THC-induced cognitive
impairment in mice, without modifying its anxiolytic effects!70. COX2 (also known as
PTGS2) inhibition increases eCB brain levels!’!, reduces anxiety in rodents!’2 and
blocks THC-induced cognitive impairment! 73, Positive allosteric modulators regulating
orthosteric ligand activity can open new perspectives for reducing side effects!74:175,
Alternatively, interruption of heterodimers between CB1R and serotonin 5-
hydroxytryptamine receptor 2A (5-HT2AR) using cell-penetrable peptides selectively

abrogates THC-induced memory impairments!7°.

Inhibition of cannabinoid receptors

An interesting therapeutic approach has recently been suggested for fragile X syndrome,
which is caused by a mutation in the fragile X mental retardation 1 (FMR/) gene. An
eCB system dysregulation seems to be responsible for the imbalance between excitatory
and inhibitory inputs in the hippocampus, leading to the behavioural fragile X phenotype
of Fmri-knockout (Fmr/7¥) mice. CBIR blockade normalized the main cognitive and
hippocampal neurological alterations in these mice, whereas CB2R blockade alleviated

174,175 a1d endogenous!50:177

their anxiolytic phenotype’4. The use of synthetic negative
allosteric modulators of cannabinoid receptors is another possible avenue to achieve

better therapeutic effects with reduced side-effects.
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Endocannabinoid (eCB)
A type of lipid signalling molecule derived from arachidonic acid. The eCBs are the
endogenous counterparts of the cannabinoids
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Microglia
Immune cells of the brain that are involved in defence

Anxiety disorders
Mental disorders involving feelings of anxiety and fear, caused by physical or psychological
harm. There are different forms, such as general anxiety disorders and specific phobias

Thigmotaxis
Movement of an organism towards an object (for example, a wall), giving them a sense of
increased safety

Neophobic behaviour
Fear of anything new; unwillingness to try new things and break from routine

Polymorphism
A genetic variant of a gene, with possible emergence of distinct phenotypes

Habituation
A form of learning in which an organism reduces its response to a stimulus after repeated
presentations of the stimulus
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Figure 1. Architecture of ¢CB system components in neurons and glia
In the CNS, endocannabinoid (¢CB) system components show a distinct anatomical

distribution. The Gj/,-coupled protein cannabinoid receptor type 1 (CBIR) is typically
present at the presynaptic terminal. Its stimulation by 2-arachidonoyl glycerol (2-AG) or M-
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arachidonoylethanolamine (AEA) leads to the suppression of neurotransmitter release from
the presynaptic terminal®-14. CBIR is also present in the outer mitochondrial membrane at
both pre-and postsynaptic sites (mitochondrial CBIR (mtCB1R))!4°. Stimulation of the
mtCBI1R leads to inhibition of mitochondrial oxidative phosphorylation and ATP production
in the mitochondria and can modulate neurotransmitter release through mechanisms that are
still unknown (indicated by the question mark)!4®. AEA can also activate the postsynaptic
non-selective cation channel transient receptor potential cation channel subfamily V member
1 (TRPV1)7L.72.178.179 ‘{eading to an increase in postsynaptic current, whereas 2-AG can
also stimulate postsynaptic GABA 5 receptors!80. On depolarization of the postsynaptic
terminal, for example, by activation of metabotropic receptors (metabotropic glutamate
receptor 1 (mGluR1; also known as GRM1), mGluRS5, muscarinic receptor type 1 (M) or
M,)3:14 2-AG is postsynaptically synthesized ‘on-demand’ by diacylglycerol lipase-a
(DAGLa) in dendritic spines of excitatory synapses!81-183 2_AG then travels to the
presynaptic CBIR in a retrograde manner to inhibit neurotransmitter release!3%183, thus
acting as a negative-feedback mechanism to tune-down synaptic transmission, especially
when the postsynaptic terminal is strongly activated. The major 2-AG degrading enzyme
monoacylglycerol lipase (MAGL) is located at the presynaptic terminal!8¢ or in
astrocytes'87, whereas a-B-hydrolase domain 6 (ABHD6), another 2-AG degrading enzyme,
can limit 2-AG availability at the site of production!83:189 Astrocytic MAGL seems to
enable astrocyte—neuron transcellular shuttling and metabolism of 2-AG and arachidonic
acid!%0. Several pathways are involved in AEA synthesis. One of the enzymes involved in
AEA synthesis, N-acyl phosphatidyl ethanolamine-phospholipase D (NAPE-PLD), is
predominantly expressed in the presynaptic terminal!?1-192_ although it might also be
synthesized postsynaptically*!. Other AEA-synthesizing enzymes have been described but
are not fully characterized!93-19%, The AEA-degrading enzyme fatty acid amide hydrolase
(FAAH) is present at the postsynaptic terminal!®0, Thus, AEA can act in both an autocrine
and a retrograde manner (an anterograde AEA-signalling mechanism awaits description).
CB2R and possibly CBIR (indicated by a question mark) are also present on microglial cells
and are involved in immune reactions!'2, Furthermore, whereas presynaptic CBIR is coupled
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to G,, CB1R on astrocytes is Gq-coupled1 137 Thus, agonist stimulation of the receptor
leads to an increase in intracellular Ca%* concentration, possibly with a concomitant release
stimulation of ‘gliotransmitters’ (whose exact nature is not yet known, indicated by the
question mark), finally modulating synaptic transmission!!-37. ¢CB synthesis in microglia
and astrocytes can be stimulated by the activation of P2X purinoreceptor 7 (P2X7) by

ATP 131,195 .

Nat Rev Neurosci. Author manuscript; available in PMC 2018 March 28.



yduosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuepy Joyiny

Lutz et al.

Page 30

—Presynaptic
Glutamate | terminal
or GABA |Kv channel

%8 °gf°x @?Cm 089 (g8 @%
TRPV1 5 ® o X % 5.
|00 © °Qe e®© © o0 o 9 °
m] ° m‘ﬁ —> il m ° ° m —_
lonotropic glutamate
or GABA receptor AA—o ©
e e N\ -

I

. go? « eCB-STD
) « eCB-LTD
B Coynantic « AEA-TRPVI-LTD
terminal

Figure 2. Regulation of synaptic excitatory and inhibitory transmission
a | Schematic representation of endocannabinoid (eCB)-mediated suppression of synaptic

transmission®-14; the mechanisms shown apply to both excitatory and inhibitory synapses. At
excitatory synapses, afferent stimulation evokes increased glutamate release and subsequent
activation of the postsynaptic terminal. This stimulates the synthesis of eCBs (such as M-
arachidonoylethanolamine (AEA) and 2-arachidonoyl glycerol (2-AG)), which travel
through the synaptic cleft to activate presynaptic cannabinoid receptor type 1 (CB1R),
leading to the suppression of glutamate release. eCB-mediated short-term depression (eCB-
STD, also termed depolarization-induced suppression of excitation (DSE)) or eCB-mediated
long-term depression (eCB-LTD) can occur. A similar mechanism occurs at GABAergic
synapses, in which postsynaptic activation by excitatory inputs can stimulate the production
of eCBs, the inhibition of presynaptic CBI1R and the retrograde suppression of GABA
release. This form of eCB-STD is termed depolarization-induced suppression of inhibition
(DSI). Both DSE and DSI require the synthesis of 2-AG by diacylglycerol lipase-a
(DAGLa)!84185  AEA can also mediate LTD, although at a slower rate than 2-AG. AEA can
act both through CB1R, to produce eCB-LTD, and through transient receptor potential
cation channel subfamily V member 1 (TRPV1), to generate AEA-TRPV1-LTD (in an
autocrine manner in which AEA activates postsynaptic TRPV1). AEA-TRPV1-LTD can
occur at both glutamatergic and GABAergic synapses!419:70-72178.179 'p | Schematic
presentation of the modulation of excitatory transmission by the eCB precursor and
degradation product arachidonic acid (AA). Postsynaptic AA acts in a retrograde manner via
inhibition of presynaptic voltage-gated potassium (Kv) channels and potentiation of
excitatory neurotransmission, a process called depolarization-induced potentiation of
excitation (DPE)3!. PKA, protein kinase A.
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Figure 3. Heterosynaptic effects and eCB function in the tripartite synapse
a | Schematic representation of homosynaptic and heterosynaptic effects of eCB signalling

on neurotransmitter release. Typically, repetitive afferent stimulation causes glutamate (Glu)
release from excitatory presynaptic sites, activating the postsynaptic terminal and inducing
the generation and release of 2-arachidonoyl glycerol (2-AG), which then activates
cannabinoid receptor type 1 (CB1R) on the same presynaptic terminal (a homosynaptic
effect) and on the nearby synaptic terminal (a heterosynaptic effect). For long-term
depression (LTD) to be produced, concomitant activation of other presynaptic receptors is
required. For example, activation of NMDA receptor (NMDAR), dopamine (DA) receptor
type 2 (D) or muscarinic receptor type 2 (M) by Glu, DA or acetycholine (ACh),
respectively, is required. These associative mechanisms may ensure the selectivity of the
synapses to be regulated by endocannabinoids (¢CBs)!4. b | Integration of the eCB system
into the ‘tripartite synapse’ concept and modulation of synaptic transmission. Activation of
CBIR on astrocytes leads to increased intracellular levels of Ca2™, promoting the release of
‘gliotransmitters’ (although this remains subject to debate, as indicated by the question
mark), possibly including Glu. These gliotransmitters could then promote heterosynaptic
excitatory potentiation (e-SP)!33 or time-spiking-dependent LTD (tLTD) of glutamatergic
transmission via presynaptic NMDAR 34, AMPAR, AMPA receptor; mGluR, metabotropic
glutamate receptor.
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Figure 4. Dichotomic CB1R function in glutamatergic and GABAergic neurons
a | A prominent feature of the endocannabinoid (eCB) system in the forebrain is its distinct
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distribution in glutamatergic and GABAergic neurons, with low cannabinoid receptor type 1

(CBIR) expression in glutamatergic neurons and high CB1R expression in GABAergic

neurons! %196, This is evident when immunostaining for CB1R of hippocampi in mice with
CBIR deficiency in glutamatergic (Glu-CB1R-KO; left panel) and GABAergic (GABA-
CB1R-KO; right panel) neurons; in comparison with wild-type controls (WT; middle panel).

b | In principal neurons of the hippocampal CA1 formation, spine density and dendritic
branching are increased in Glu-CB1R-KO mice (left panel) and decreased in GABA-CBI1R-
KO mice (right panel), as compared with these neurons in wild-type mice (middle panel)°.

This coincides with increased and decreased hippocampal CA1 long-term potentiation (LTP)

formation, respectively>®. Moreover, the two mutant-mouse lines display opposing

phenotypes in behaviours such as neophobia, exploration, fear relief and habituation. Thus,

CBIR in cortical glutamatergic and forebrain GABAergic neurons calibrates excitatory

synaptic balance and consequently regulates fear and anxiety-like behaviours. DSE,

depolarization-induced suppression of excitation; DSI, depolarization-induced suppression
of inhibition. Part a adapted with permission from REF. 196, Copyright ©1999-2015 John
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Wiley & Sons, Inc. All Rights Reserved. Part b adapted with permission from REF. 56, the

Society for Neuroscience.
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Treatment-resistant anxiety disorders

A Bystritsky
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Several epidemiological studies confirmed that Anxiety Disorders as a group are the most
prevalent psychiatric conditions in the United States. The importance of these conditions is
underlined by the fact that they cause significant disability, poor quality of life, alcohol and
drug abuse. Anxiety disorders are treatable conditions and respond to the front-line
interventions such as serotonin reuptake inhibitors and cognitive behavioral therapy.
However, only about 60% of patients respond to those treatments to any significant degree.
Many still have residual symptoms or stay treatment refractory. The group of anxiety patients
that is resistant to the treatment has been shown to have very poor quality of life and have
highest rate of suicidal attempts than any other disorders. Many biological, treatment specific
and social factors are affecting treatment resistance. In this paper, we are attempting to review
reasons for the treatment resistance. In addition, we would like to review current strategies
that could be helpful in reducing treatment resistance and aiding people chronically suffering
from these severe and disabling conditions.
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Introduction

Anxiety disorders, which include Obsessive Compul-
sive Disorder, Panic Disorder, Social Phobia, and
Generalized Anxiety Disorder, are the largest and the
most prevalent group of psychiatric disorders.'™® They
are also least recognized compared with other major
psychiatric syndromes such as mood or psychotic
disorders. In fact, although the Epidemiological
Catchments Area study first revealed the prevalence
of this group of disorders over 20 years ago, they
remain poorly understood, understudied, and inade-
quately treated. Nevertheless, this group is respon-
sible for decreasing productivity, and increasing
morbidity, mortality, and alcohol and drug abuse in
a large segment of the population.**

A listing of each anxiety disorder and the pre-
valence rate over 12 months is listed in Table 1.” The
lifetime prevalence estimated without an adjustment
for clinical significance is twice the annual preva-
lence rate indicating that 28.8% or roughly one out of
three people has a risk of meeting criteria for an
anxiety disorder sometime at some point in their
life. In addition, there is a large co-morbidity and
overlap with other disorders, specifically with
major depression. Furthermore, more mild forms of
anxiety disorders can result in permanent disability
and even death.®®
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Anxiety disorders have a serious impact on the
health care. That impact is explained not by the cost
of treatments of the disorder but by the high cost of
frequent medical evaluations and treatment of physi-
cal manifestations of the disorder (i.e., muscle pains,
aches). Unlike other serious mental conditions where
cost is measured by complete disability and inpatient
care, in anxiety disorders patients have decrease of
productivity and quality of life that are more difficult
to measure. However, some studies report that the
decrease in productivity and quality of life of severely
ill and/or treatment-resistant anxiety patients was
comparable to those of schizophrenics.’®'" Anxiety
Disorders Association of America estimates the costs
to be over 42 billion dollars per year comparable to
those of stroke and cardiovascular disorders.™

Standard treatment of anxiety disorders

Over the last two decades, significant progress has
been made in the area of treatment for anxiety
disorders. Evidence-based treatments are available
for each anxiety disorder with the efficacy of
psychological and biological treatment between 60
and 85%."*"” Table 2 details the first line pharma-
cological treatments that are available and FDA
approved for the treatment of the anxiety disorder.
The selective serotonin reuptake inhibitors (SSRIs)
are prescribed as first-line treatments according to
most commonly used algorithms and physician
guidelines.’® Patients who show immediate intoler-
ance to SSRIs are tried on serotonin norepinephrine
reuptake inhibitors (SNRIs) or tricyclic antidepres-
sants and MAOQISs that used to be used in practice and
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Table 1 Anxiety disorders according to DSM IIIR 1 year
prevalence in US (adjusted for clinical significance)?

Prevalence Population
(%) (millions)

Any anxiety disorder 13.3 23.9
Panic disorder (PD) 1.8 2.8
Agoraphobia (AG, PDA) 2.2 4.3
Social phobia (SP) 3.7 6.5
Simple phobias (SPP) 4.4 8.7
Generalized anxiety disorder (GAD 2.8 4.0
Post-traumatic stress disorder 3.6 5.2
(PTSD)

Obsessive compulsive disorder 2.4 4.3
(OCD)®

Acute traumatic stress Unk Unk
Adjustment disorder with anxious Unk Unk
mood

Anxiety disorders due to Unk Unk

“National Co-morbidity Survey Data (1994).
"Epidemiological Catchments Area Survey Data (1987).

research prior to introduction of SSRIs with approxi-
mately the same success but with less favorable
tolerance (Table 3). The second large group of medi-
cations includes benzodiazepines such as alprazolam
(Xanax), clonazepam (Klonopin) and lorazepam
(Ativan). Benzodiazepines have proven efficacy (over
80% response) and FDA approval for use on general-
ized anxiety and panic disorder.’ These agents,
however, have potential to cause tolerance and
dependence, which currently limits their use.*®

Cognitive-behavioral treatment of anxiety disorders
has also been accepted as a first-line treatment
showing response rates in the range of 60-90%.*'
However, 10—40% of patients do not respond to
psychological treatments and many more have resi-
dual symptoms.** This situation is rather unaccepta-
ble taking into account the high prevalence of the
disorder, which means that many millions of people
continue suffering from anxiety even if they received
the best possible treatment. There is a great need to
study treatment resistance in anxiety patients. In
this article, we will review factors that appear to
contribute to treatment resistance in anxiety and
review the ways clinicians and researchers address
this problem.

Definition of the treatment resistance

First of all we need to define the treatment resistance.
The definition of treatment resistance is reversely
related to the definition of remission and recovery
that has been explored and debated in the field of
depression.?*** In the field of anxiety, this issue is
more complicated.”® The absence of anxiety does not
always mean recovery. It frequently does not even
mean improvement since a phobic patient can have
no anxiety when they can successfully avoid a phobic
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Table 2 Use of selective serotonin reuptake inhibitors (SSRIs) in anxiety disorders

Drug type

Indicated by the FDA for use in: Randomized clinical trials Case reports and/or open trials

Drug

documenting use for:

conducted for use to treat:

SAD GAD PTSD OCD

PD

SAD GAD PTSD OCD

SD GAD PTSD OCD PD

PD

SSRIs

1\\1\)

\\\ )\

\ \\\

1111\

121\

11\ )\

DY N W

121\

12 \\\)\

11 \\)\

DNR N W

"
l/
"

Fluvoxamine (Luvox)
Escitalopram (Lexapro)
Paroxetine (Paxil)

Fluoxetine (Prozac)
Sertraline (Zoloft)




Drug type

Case reports and/or Open
trials documenting use for

Randomized clinical trials
conducted for use to treat

OCD PD SAD GAD PTSD OCD PD SAD GAD PTSD OCD

PTSD

GAD

Indicated by the FDA for use
SD

PD

Table 3 Use of other antidepressants in anxiety disorders

Drug
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situation. On the other hand, the presence of anxiety 807

does not always indicate pathology and could be a
normal response to an ongoing stress. The assessment
of remission and recovery in anxiety patients should
be multidimensional and should always include
functional parameters. If we apply this criterion, the
recovery from anxiety states becomes a relatively rare
event due to chronic and waxing and waning
course.”*?” We need to probably apply a different
and more lax criterion, which is restoration or near
VL restoration of functional status in the presence
(absence) of tolerable treatment. With this lax criter-
ion, one can assume that approximately 30% of

Tricyclic antidepressants

SNRIs
v MAOQOIs

P
17

v Atypical

1 \\ \

\ L\ N\ L L\ patients would be considered recovered from the
standard treatments and 30-40% of patients would be
\ VUG considered improved. Still 30% of the patients would

be barely touched by the contemporary treatments.?®

\\ A 22\ \\)

Mechanisms of resistance

NN\ U W N W ¥ \\ ) Diagnostic factors participating in treatment resistance
Many studies have attempted to analyze predictors of
\ \\ \ \ \\ response or conversely nonresponse in anxiety dis-

orders. The factors participating in treatment resis-
tance can be roughly classified as pathology related,

LY AR Y AR Y environment related, patient related and clinician
related (see Table 4). Several factors may be partici-
v\ \\ \ \ \ pating in the confusion within this area of research.

The diagnostic criteria of anxiety disorder have been
changed several times over the last 20 years.?® Current
\\ LSRR N 1\ diagnostic categories are essentially statistically vali-
dated lists of symptoms characteristic for a given
\\ \ ' \\\)\ condition. This categorization leads to several pro-
blems. For example, the disorders as described in the
\ DSM-1IV rarely exist in their pure form, at least in
clinically significant cases. There is large overlapping
among anxiety disorders themselves and with other
disorders that interfere with specificity of clinical
management and research.®® Attempts to resolve this
issue lead to dimensional or symptomatic or to
spectrum approach that leads to other set of problems
such as overgeneralization. For example, a widely
accepted obsessive-compulsive disorder (OCD) spec-
trum includes a very diverse group of disorders
ranging from autism to kleptomania.®® One of the
issues is that symptoms elicited on a cross-sectional
interview do not provide us with the full presentation
of the disorder. It has been noted that symptoms such
as obsessions and compulsions are functionally
related to each other but this notion is rarely used
in other disorders. Thus, current cross-sectional
diagnosis may be one of the factors complicating our
ability to effectively treat the anxiety disorders since
most of the biological treatments are developed as
diagnosis specific (which they are not.)

Additional diagnostic factors of treatment resis-
tance include the presence of personality disorders.
This could include the personality disorders that could
be confused with anxiety disorders. The examples are
OCD personality disorder that could be confused with
OCD and borderline personality that is frequently

"
Cognitive-behavioral therapy (CBT)

Nortriptyline (Pamelor)
Amitriptyline (Elavil)
Imipramine (Tofranil) |
Clomipramine (Anafranil)
Duloxetine (Cymbalta)
Venlafaxine (Effexor)
Phenelzine sulfate (Nardil)
Tranylcypromine sulfate (Parnate)
Moclobemide

Trazodone (Desyrel)
Nefazodone (Serzone)
Mirtazapine (Remeron)
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Table 4 Outline of reasons for poor response to the
treatment of anxiety

Pathology related

1. Exact underlying pathophysiology is unknown (Birth
defects? Infections? Genetic? Autoimmune?)

2. Multiple neurotransmitters participation and
interaction

3. Complex receptor and feedback structure of every
single transmitter system.

4. Diagnosis — dimension approach

5. Genetics of the disorders is overlapping and unclear
what is inherited

6. Our current biological treatments are empirical and
have limitations

7. Cognitive Behavioral Theory is disconnected from
biological substrate

Environment related
1. Severe stressors
2. Childhood stressors
3. Long-term persistent stressors
4. Lifecycles

Patient related
1. Severity
2. Medical co-morbidity
3. Psychiatric co-morbidity
4. Noncompliance
5. Cultural factors

Clinician related
1. Lack of knowledge in primary care
2. Lack of CBT training
3. Cost leading to limited doctor—patient relationship

present with panic attacks. Those disorders need to be
recognized early in the treatment so that appropriate
psychotherapeutic treatments could be administered.

Biopsychosocial models of anxiety and treatment
resistance
The exact biological mechanisms of anxiety disorders
are unknown.*” Multiple theories exist on different
levels of science ranging from molecular all the way
to the psychosocial. None of the theories can fully
explain the complexity of the anxiety disorders.
Biological theories attempt to postulate anxiety as
an alarm reaction mediated by specific brain cir-
cuits.®® These circuits include amygdale and other
limbic structures.®* Activation of these circuits are
most often found in animal models and human
neuroimaging studies of Panic Disorder and General-
ized Anxiety.>® Some other anxiety disorders, such as
OCD, have a disturbance of circuits responsible for
emotional information processing and integration.
These circuits include striatum, cingulum and pre-
frontal and orbito-frontal connection.*® These circuits
are responsible for gating, ordering and integration
information about the threat.

Cognitive scientists base their theories of anxiety on
a specific way of thinking that is excessive, dichot-
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omized (i.e. back or white) and anxiety provoking.®”
Behaviorists explain anxiety disorders as a set of
maladaptive coping safety strategies that lead to not
testing the validity of the threat and as a result
increase anxiety and apprehension. While the
theories do not contradict each other, we are yet to
see the integration of biological and psychological
mechanisms within the framework of united theory
of anxiety disorders.

One of the ways to look at the interaction between
the psychological and biological is to understand
anxiety disorders as three interrelated processes. The
first process involves the neuronal circuits responsi-
ble for the initial detection and reaction to the threat
(i.e. alarm). These circuits well described by several
scientists play an important role in all anxiety
disorders and specifically in Panic. The amygdale
and adjunct limbic system play the central role. The
second process involves more extensive threat in-
formation analysis. This process is most characteristic
of Obsessive Compulsive Disorder. The cortico-stria-
tum-cortical circuit is involved in multiple functions
including gating, stop-and-go, and coordination
between emotional and thought processing. The
disturbance of these processes leads to excessively
detailed view of threat information leading in turn to
the excessive perception of threat. Patient frequently
focuses on a particular aspect of threat rather than all
the evidence. This may lead to cognitive distortions
typically described in the literature (i.e. overestima-
tion of probability, overgeneralization and all or
nothing thinking). The third process is coping with
the threat. Normally everyone reacts to a threat with
series of safety behaviors such as exploration of the
threat, safety behaviors directed to elimination of the
threat and avoidance of the threat.

The anxiety patients engage in the same behaviors
but due to heightened alarm and faulty information
processing their behaviors become excessive and
interfere with their function instead of helping it.
Excessive security behaviors (i.e. washing in OCD
patients) could lead to resetting the alarm to even
higher level because those behaviors invariably fail to
protect 100% while taking a long time. Avoidance of
threat, which is another coping strategy frequently,
prevents patients from assessing the threat and as
such increases the informational distortions.

Psychosocial models of anxiety underscore inter-
play between biological and environmental factors.
Even catastrophic stressors are not always recognized
by patients and their physicians. Severe persistent
stressors for most part go undetected and impact the
treatment response. The patient who is in the midst of
a severe stress would less likely respond to the
treatment.®® Unfortunately, research in assessment of
environmental factors is lagging despite their impor-
tance. Especially it is true about the research directed
to measure the degree of severe persistent stress.

Another major factor of treatment resistance is
alcohol and drug abuse. Frequently, co-morbid in
anxiety patients it is also frequently unnoticed.



It can effect resistance through non-compliance and
through interaction between medications and alcohol
or drugs. In addition, use of alcohol to reduce anxiety
could interfere with the behavioral strategies.

Predictors of nonresponse in clinical literature

The best information about patient-related factors is
usually derived from analysis of predictors of re-
sponse/nonresponse. Usually the factors identified by
these methods related to severity of illness, co-
morbidity and presence of personality disorders and
noncompliance with the treatment.**4°

Studies analyzing usual care delivery in primary
care produced some insight on treatment resistance in
‘care as usual’.*’ The studies indicated that inade-
quate recognition, inadequate training, incorrect use
of antidepressants and lack of understanding and the
use of CBT are among the main reasons for patient’s
non-response. For example, Katon determined that
many patients in primary care administered medica-
tions for very short period of time.** This is
particularly important for OCD where higher than
usual doses of SSRIs usually require (i.e. more than
100 mg of fluoxetine per day) usually for at least 10
weeks before one sees an adequate response. The
titration could be too rapid or the doses are inade-
quate. Frequently, Panic patients who usually require
smaller than usual doses and slower titration (i.e.
5mg of fluoxetine initially with increases every 2
weeks) are started on 20mg of fluoxetine causing
excessive anxiety and treatment discontinuation.
Patients in primary care as well in general psychiatry
clinics most often do not receive correct psychologi-
cal treatments.*® Patients are frequently not educated
about medication response and have incorrect ex-
pectations. The literature also notes the inadequacy in
training of many psychologists in contemporary
methods of the treatment of anxiety.**

Strategies for improvement of treatment resistance

One of the strategies in improving outcomes and
diminishing treatment resistance is reevaluation and
optimization of the treatment. Patient who failed or
insufficiently responded to at least two SSRI and one
SNRI and a behavior therapy should be reevaluated
by a psychiatrist who is familiar with the treatment of
anxiety for identification of the reasons for the
treatment failure. Multiple factors mentioned above
should be explored. The presence of co-morbidity,
personality disorder and environmental factors
should be assessed. Motivation for treatment and
treatment compliance needs to be explored. Ade-
quacy of medication treatment needs to be assessed.
Once the assessment is performed, the clinician
may try a previously attempted treatment but in
adequate dose and for an adequate duration of time.
If noncompliance is an issue then better patient
education and motivational techniques could be
employed.*
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Augmentation strategies have been tried for the
treatment-resistant cases. These include adding bus-
pirone, or lithium, combining two SSRI or SSRI with
SNRI. Using tricyclic antidepressants with SSRI
could be very helpful especially in case of clomipra-
mine—SSRI combination for OCD. However, this
combination needs to be well monitored with blood
levels of a tricyclic to avoid complications that may
include seizures.

The use of long-term benzodiazepines for the long-
term treatment of resistant anxiety is controversial
due to large comorbidity of anxiety disorders with
addictions. However, some long-term studies indi-
cated that these medications could be used in chronic
anxiety patients with a great degree of success and
that those who do not have comorbid addic-
tive disorders actually decrease their medications
over time. These are powerful medications and their
cognitive side effects should be taken into considera-
tion especially in elderly populations.

In case of co-morbidity, one may target the co-
morbid conditions such as bipolar disorder or
psychosis first and then attempt to treat anxiety
disorder. This could lead to the use of multiple
pharmacological treatments at the same time. How-
ever, polypharmacy is considered to be a rule rather
than exception in complicated co-morbid -cases.
Recent surge of co-administration of mood stabilizers
(lithium, gabaergic antiepileptics and atypical anti-
psychotics) may be explained by very high prevalence
of bipolar disorders and psychoses in anxiety patients
(Table 5).

Combining CBT and medications for patients
resistant to either treatment alone deserves further
scientific exploration. Several studies conducted in
anxiety patients including panic disorders OCD and

Table 5 Treatment of resistant anxiety

Case-series open trials RTC

Gabaergic antiepileptics
Gabapentin
Tiagabine
Pregabalin
Topiramine

(GAD)

o
z=<zZz

Atypical neuroleptics (combined with SSRIs)
Risperidone
Olanzapine
Ziprazidone
Quetiapine
Aripiprazole

Y (OCD)
Y (OCD)

KR
z

Y (OCD)
N

Other treatments (mostly for OCD)
IV Anafranil
ECT
Deep brain stimulation Y
VNS Y
Y
Y

Z =<

rTMS
Psychosurgery

A A AV ALS
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Social Phobias did not reveal clear superiority of
combination treatment over either treatment strategy
administered alone.***° However, combined algo-
rithms administered in primary care are clearly more
effective than treatment as usual.

One has to explore the targets of these treatments to
understand the nature of the treatment failure.
Medication such as an SSRI is likely to suppress the
increased alarm reactivity by suppression of the alarm
system (i.e. amygdale and related areas). In larger
doses, they may improve information processing by
slowing transmission in the cortico-striato-cortical
circuits. However, it is unlikely that medications can
affect complex behavioral coping strategies such as
safety behaviors and avoidance directly. Improvement
in those behaviors occurs, most likely, secondary to
reduction in fears and takes several weeks. Patients
with OCD frequently perceive their medications
nonworking even though they felt calmer on the
medication. They were, however, still continuing to
perform their rituals because they were not instructed
otherwise. Severity of rituals and avoidance was one
of the most reliable predictors of nonresponse in a
meta-analysis of a large sample of OCD patients
treated with SSRIs.*® Convergent, behavioral inter-
ventions most likely do not affect alarm reactivity
and information processing directly. Cognitive
therapy may improve thinking by making the patients
test alternative hypotheses related to fear response,
but it is not clear that cognitive strategies are effec-
tive alone in majority of anxiety patients. Choosing
alternative coping behaviors most likely secondary
‘resets’ the alarm and improves their processing
of the threat information. Using excessive medication
could be counterproductive because it could fully
suppress anxiety, affect information processing and
slow down the extinction processes. Keeping this
theory in mind one may combine both treatment
strategies rationally to achieve a greater success.
However, that strategy is more difficult to implement
in a controlled studies because it requires flexibility
in medication administration. Most of the controlled
trials, however, used a set dose schedule for the
medication treatments.

Experimental treatment strategies

Non-response to single treatments and their combina-
tions calls for the development of new treatments of
anxiety disorders. A few of the have been recently
tested.

Herbal

Herbal preparations are extensively used by anxiety
disorders patients.”* They frequently take the herbals
surreptitiously, that is, without knowledge of the
physician administering pharmacological treatment.
One has to remember that despite the general belief
that herbals are safer that may not be so. Some of the
most potent poisons and mind altering drugs could be
herbals. The surreptitious use for the herbals needs to
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be further explored in anxiety patients since it may
contribute to the treatment resistance. There are also
possible interactions between the herbal preparations
and SSRIs, which clinicians need to pay attention to.

Pharmacological

One of the most fruitful areas of research was recently
the use of combined SSRI-antipsychotic treatments
for non-psychotic anxiety disorders including OCD,
agoraphobia and Social Anxiety disorders. Nonpsy-
chotic OCD patients seem to show moderate response
to atypical antipsychotics that has been documented
in multiple reports, case studies and some of the
controlled studies, although the information is still
scarce (Table 5). The use of antipsychotic is compli-
cated by wide range of side effects they bring into the
clinical picture. Their usefulness long term reminds
to be documented in anxiety patients.>?

The use of Gaba-ergic antiepileptics seems to be
growing. This is prompted by multiple reports
involving gabapentin, pregabalin and tiagabin among
others.”®** While these medications are less depen-
dency forming than benzodiazepines they are also
less effective. Some newer agents such as pregabaline
seem to have more antianxiety properties, but
this remains to be documented in large controlled
clinical trials.

Multiple pharmacological medications with novel
mechanisms of action have been recently tested.
Those include medication with peptide mechanisms
of action, that is, substance P, NK, CRF antago-
nists.>**® None of these novel medications are yet
approved on the US market and most of the recent
experiments failed to prove their efficacy. It seems
that while acting on more specific systems the
medications losing their efficacy.

Conversely, medications with multiple mechan-
isms of action or ‘poly-pharmacy cocktails’ seem to
be most effective in the treatment-resistant popula-
tion.*” The scientific literature does not contain any
good efficacy data for polypharmacy. However, it is
apparent that the use of multiple medications with
different indications is a rule rather exception in the
treatment-resistant anxiety patients. Some of the best
teachers of contemporary psychopharmacology are
actively teaching a rational polypharmacy.”® In prac-
tice, experienced psychopharmacologists arrive to
those complex regimens by trial and error in the
attempt to decrease the suffering of this population
which is often immense. The logic behind the
polypharmacy is understandable. Treatment-resistant
patients usually suffer from several syndromes that
may include, for example, OCD, Panic, Bipolar
Disorder and some form of psychosis. If one attempt
to use a single agent in this kind of a patient they
usually get worse. For example, high doses of an SSRI
required to treat the OCD may trigger mania or
psychotic reaction in bipolar or psychotic patient
with OCD as primary presentation. The ultimate
cocktail found in some patients could include:
an SSRI, sometimes in a mixture with an SNRI, a



GABA-ergic mood stabilizer, an atypical antipsy-
chotic and a benzodiazepine.

For same of the patients, this regimen could be
appropriate and even life saving. For some of them it
could mask an underlying problem by numbing the
feeling and not addressing abnormal coping of these
patients. The examples of this could be an over-
sedated OCD patient, who continues his compulsive
behaviors or a PTSD patient where the core traumatic
even has never been addressed in psychotherapy. In
my opinion, the extensive polypharmacy in patients
should be periodically reevaluated and a second
opinion should be obtained. It is especially impor-
tant when the patient is treated with a complicated
regimen for more than 2 years without clear improve-
ment. Sometimes a ‘subtraction’ of medications
from a polypharmacy regimen could lead to an
improvement.

Some of the prospective treatments, even experi-
enced psychopharmacologists may be reluctant to
administer. A once a week opioid receptor agonist
trial in OCD patients has shown some success and is
under investigation.’® Since potential adversities of
these treatments are high they should probably still be
conducted only in specialized centers under scrutiny
of researchers and with explicit informed consents
until more evidence is gathered.

There is some evidence for the efficacy and safety of
intravenous clomipramine, which may become
the optimal strategy in treatment-resistant cases.
Researchers have suggested that the ratio of clomi-
pramine to its metabolite desmethylclomipramine
(which also inhibits noradrenaline reuptake) is
increased with parenteral treatment through reduc-
tion of first-pass hepatic metabolism, and that this
explains the greater tolerability and efficacy of the
intravenous form of the drug.® In a double-blind,
randomized, controlled trial in patients with treat-
ment-refractory OCD, Fallon and Mathew®" found
that nine of 21 patients treated with 14 days of
clomipramine infusions and 7 days of oral treatment
were responders, compared with none of 18 in the
placebo group. Improvement was maintained to the
end of blind ratings at 3 weeks, and the regimen was
well tolerated.

Behavioral and other psychotherapies

Anxiety disorder patients who do not respond to
ordinary behavioral strategies could utilize more
extensive CBT treatment. This treatment is usually
provided as an intensive outpatient, partial hospita-
lization or residential treatment.®>®® Many of these
programs specifically targeting OCD are currently
available around the country. The programs generally
offered different length of treatment ranging from
several weeks to several months and different degree
of intensity.

Many authors recognized limitations of narrow
behavioral approach in the treatment-resistant popu-
lation. Other psychotherapeutic modalities including
focused cognitive, mindfulness, meditation, inter-
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personal and psychodynamic have recently been
tried in anxiety populations with various degree of
successes.®**® It is clear that a complex patient
may require a long-term complex psychotherapeutic
approach rather than a brief behavioral strategy.

Nonpharmacological strategies

Electroconvulsive therapy has a role in cases of
treatment-refractory anxiety complicated by severe
comorbid depression, but it is not believed to be
consistently effective for primary treatment-refractory
OCD or Panic Disorder.®”®® In one uncontrolled case
series, the majority of patients with treatment-refrac-
tory OCD improved considerably for a year following
such therapy.®® Although the response was associated
with improved depression ratings, the authors sug-
gested an independent effect on obsessional symp-
toms. Use of ECT in treatment-resistant PD is also
controversial since some clinicians suggest that panic
attacks worsen in this population and only depres-
sion improves.

Several nonpharmacological experimental treat-
ment strategies are under development and testing.
This includes Deep Brain Stimulation (DBS), Vagus
Nerve Stimulation (VNS), and Repetitive Transcranial
Magnetic Stimulation (rTMS).

Deep brain stimulation. Bilateral DBS has been used
successfully for essential tremor and Parkinson’s
disease since about 1995.7° Significant adverse
events from the DBS procedure have included
equipment failure or lead wire breakage, intracranial
hemorrhage, infection, seizures, and paresis.”* Since
1999 when Netherlands’s neurosurgeon discovered
OCD response to DBS, there have been multiple
publications on the use of DBS in treatment refractory
OCD.”*7? Initial results seem to be promising but need
to be confirmed in larger trials using sham surgeries
and treatments.

Vagus nerve stimulation (VNS)

The vagus nerve (10th cranial nerve) is best known for
its efferent function with parasympathetic inervation
to organs such as the heart and gut. However,
approximately 80% of vagal nerve fibers are afferent
sensory fibers and relay information from the body to
the brain. These afferent fibers project via the nucleus
tractus solitarii (NTS) to the locus ceruleus (LC) and
parabracial nucleus (PB). The LC and PB project to all
levels of the forebrain including the hypothalamus,
orbital frontal cortex, amygdala, and bed nucleus of
the stria terminalis. In theory, direct stimulation of
the vagus afferent fibers could affect sensory input to
limbic, brain stem and cortical areas known to be
involved in mood and anxiety disorders. VNS has had
an excellent safety record in seizure patients.” It has
also been recently approved by FDA as an adjunct
treatment for treatment-resistant depression.”” Many
of treatment refractory depressed patients in pivotal
studies were also suffering from anxiety, which
improved simultaneously with depression. However,
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true efficacy of this treatment in refractory anxiety
populations remains to be explored. The most
common adverse event related to implantation is
mild pain at the incision site that typically resolves
over the 2 weeks following surgery. There are
currently seven patients with OCD, two patients with
PTSD and one panic disorder patient implanted with
the device. Acute and long-term data are not available
on these patients yet.”

Repetitive transcranial magnetic stimulation. Intro-
duced in mid-1980s, transcranial magnetic stimu-
lation is a noninvasive mean of stimulating the
cerebral cortex. It involves placing an electro-
magnetic coil on the scalp and passing a rapidly
alternating high-intensity current through the coil.
This sets up a magnetic field, which passes through
the cranium and induces local electrical changes on
the surface of the cortex. Therapeutically, rTMS has
received the most attention with treatment-resistant
depression.”” Greenberg et al’® found that rTMS may
be helpful in OCD whereas Alonso et al.”® who
randomly assigned 18 patients with OCD to real or
sham rTMS did not find any difference between
the treatment groups. Overall review of the field
produced mixed results.?® However, a recent study
opens the possibility that a different set of rTMS
parameters may need to be used for the treatment of
anxiety and OCD and that research needs to be
continued.®

Neurosurgery

OCD was the only anxiety disorder where the
neurosurgical approach has been explored. With
the failure to find effective therapies for OCD over
the past three decades, psychosurgery has become an
intervention of last resort.?” It is important to balance
the risks of nonintervention (social, physical and
psychological complications, including suicide)
against those of surgery (frontal lobe dysfunction
and psychological complications including personal-
ity alteration, substance abuse and suicide), which are
not excessive with current techniques. Unfortunately,
in the absence of a controlled comparison with
‘sham’ surgery, efficacy remains unproven. Recent
retrospective and prospective studies have reported
response in 30-60%?%. A ‘gamma knife’ using cobalt
60 has been used in some centers to create surgical
lesions without opening the skull, making a con-
trolled comparison with sham surgery feasible. The
procedures favored across various centers include
cingulotomy, subcaudate tractotomy, capsulotomy,
and limbic leucotomy (cingulotomy plus subcaudate
tractotomy). No conclusive data exist on comparative
efficacy or safety. Further research is needed to
identify the best target sites. For these procedures, a
‘stereotactic’ frame is used, and target sites are
visualized with magnetic resonance imaging. It is
hypothesized that such lesions disrupt dysfunctional
neural circuits by severing connections between the
orbitomedial frontal lobes and limbic or thalamic
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structures. However, the observation that most
patients take weeks or months to improve suggests
that secondary effects such as nerve degeneration may
be important.

Conclusion

Treatment resistance is a significant problem in
anxiety patients affecting approximately one out of
three patients with diagnosis of anxiety disorder. Due
to high prevalence of AD, this problem translates into
significant mortality, morbidity and decrease in
quality of life. There also significant cost to society
associated with high disability and high health care
utilization. The treatment resistance occurs due to
multiple factors and clinicians need better ways to
study and address them. A careful assessment of
treatment-resistant anxiety patients by an experi-
enced clinician who is aware of the current psycho-
biological treatments of anxiety is very important.
Development of the new treatment modalities is the
task of future generations of researchers in this
important field of science.
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