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Post-Traumatic Stress Disorder (PTSD) is a highly debilitating psychiatric disorder,

which develops in a subset of trauma-exposed individuals. Patients with PTSD fail

to extinguish fear responses to no-longer dangerous stimuli and develop enduring

experiences of fear and anxiety. To advance the understanding of PTSD

neurobiology, longitudinal and comprehensive clinical and molecular data are

needed. Here we present the protocol of the project “Reli€ving-PTSD” aiming at

identifying the molecular signatures of PTSD vulnerability and disease progression

in a longitudinal study in humans. The molecular signature will be based on the

analysis of the endocannabinoid (eCB) system, as well as miRNome and

transcriptome profiles. The study will recruit 60 participants hospitalized in the

Intensive Care Unity of the University Hospital Agency of Cagliari. Participants will

be eligible for this study if they are: 1) between 18 and 65 years old; 2) able to

provide written informed consent. We plan to recruit 30 patients with a diagnosis

of PTSD or Acute Stress Disorder (ASD) according to DSM-5 and 30 patients

without either diagnosis. Exclusion criteria are: 1) history of traumatic brain injury;

2) current and/or lifetime diagnosis of psychiatric disorders other than PTSD/ASD;

3) current and/or lifetime diagnosis of substance use disorder; 4) presence of
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severe neurological or medical morbidity. These stringent eligibility criteria will

reduce the confounding effect of comorbidities, as molecular alterations of the

eCB system have been associated to several psychiatric disorders. This research

addresses critical gaps in PTSD management. The outcomes are anticipated to

significantly advance scientific knowledge, inform clinical practices, and benefit

public health by reducing the societal and economic burden of PTSD through

improved precision medicine-based prevention and treatment strategies. The

study was reviewed and approved by the Ethics Committee of the Region of

Sardinia (Prot. CE/2023_014) and funded by the European Union - Next

Generation EU - NRRP M6C2 - Investment 2.1 Enhancement and strengthening

of biomedical research in the NHS.
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Introduction

Post-Traumatic Stress Disorder (PTSD) is a highly debilitating

psychiatric disorder, which develops in a subset of trauma-exposed

individuals. Patients with PTSD fail to extinguish fear responses to

no-longer dangerous stimuli and develop enduring experiences of

fear and anxiety (1). Estimates suggest that the cross-national

lifetime prevalence of PTSD in the population is up to 3.9%, with

roughly half of the cases being persistent (2). According to

naturalistic long-term studies, only the minority of patients

achieves a stable recovery within 3–7 years (3). The economic

burden of PTSD is due to both the direct health-care costs and the

high rates of associated unemployment and disability (4).

Types of traumatic events associated with PTSD onset include

sexual trauma, physical assault, witnessed violence, natural disaster,

terrorism, combat, violent death of a loved one, motor vehicle

collision, and life-threatening illness (5). In fact, in a UK

prospective multicenter study, the prevalence of PTSD among

Intensive Care Units (ICU) survivors was 22% (6). Given the

heterogeneity of the traumatic events associated with PTSD onset,

the exposure to potential triggers appears to be relatively frequent in

the population. According to the Italian National Institute of Statistics

(ISTAT), in the first semester of 2023 more than 100,000 people were

injured in traffic collisions across the country (7). Moreover, large-

scale traumatic events have happened in the past few years, exposing

a high number of individuals to the potential psychological

consequences. For instance, high levels of PTSD symptoms were

measured in the Italian general population during the COVID-19

pandemic, especially among women and younger generations (8).

More recently, data on the Ukrainian population have shown a high

prevalence of PTSD symptoms (> 50%) in the 9–12 months after the

start of the February 2022 Russian invasion (9).

While the symptom burden can be substantial-particularly in

high-risk populations exposed to cumulative or prolonged trauma-the

lifetime prevalence of full-syndrome PTSD in the general population
02
remains lower; for instance, it is estimated at 6.1% in the United States

(10). Epidemiological evidence has consistently shown that only a

minority of trauma exposed individuals go on to develop PTSD (11–

13). The neurobiological mechanisms underpinning the individual

variation in vulnerability to PTSD development following trauma are

still unclear (14). Different biological systems have been investigated,

such as those involved in neuroplasticity and immunoregulation (15).

More recently, the endocannabinoid (eCB) system has received

attention in the PTSD research field, given its modulatory effect on

memory consolidation, retrieval and extinction (16). There is a large

amount of data in animal models supporting the eCB system role in

regulating fear and stress responses (17, 18). The fatty acid-derived

signaling molecule Anandamide (AEA), the first discovered

endocannabinoid, was shown to facilitate fear extinction in mice by

activating the Cannabinoid receptor 1 [CB1 (19, 20)]. When research

on the eCB system in fear responses was extended to humans,

consistent results were found, mostly on healthy subjects. Three

different human studies replicated the association between enhanced

fear extinction and a hypofunctional genetic variation in the fatty acid

amide hydrolase (FAAH), an enzyme that catabolizes AEA (21–23).

Positive results in genetics research were also published by Heitland

et al. (24), who found that A/A carriers of rs2180619 (a polymorphism

located in the promoter region of CB1), exhibited impaired fear

extinction. In line with preclinical and healthy volunteers’ literature,

individuals with PTSD were shown to have a reduction in circulating

endocannabinoids levels (25, 26).

A recent study identified the amygdala-projecting medial

prefrontal cortex (mPFC) neurons as a potential neural basis for

the effect of the eCB system on fear extinction (27). The amygdala is a

primary hub in the brain that regulates the processing of aversive

memories, by integrating information from different cortical brain

regions (28). Among these regions, the mPFC was shown to exert

top-down control of negative emotions over the amygdala in mice

(29). Findings in patients with PTSD suggest that the interaction

between the mPFC and the amygdala becomes dysfunctional,
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resulting in the heightened responsivity of the latter (30). Several

recent studies with different designs support this hypothesis. For

instance, neurosurgical patients with ventral mPFC lesions exhibited

potentiated amygdala responses to aversive images compared to

neurologically healthy controls (31). Consistently, Feng et al. (32),

showed that the resting-state functional connectivity between the

ventral mPFC and the amygdala is positively correlated with fear

extinction after fear reminder in healthy subjects. Overall, numerous

lines of evidence point toward a potential role of the eCB system in

PTSD vulnerability following trauma, possibly via altered top-down

control on the amygdala.

To advance the understanding of PTSD neurobiology,

longitudinal and comprehensive clinical and molecular data are

needed. The project “Reli€ving-PTSD” aims to identify the

molecular signatures of PTSD vulnerability and disease progression

in a longitudinal study in humans. The development of high-

throughput methods has recently facilitated the detection of

differentially regulated biological molecules via omics analysis,

enabling the generation of new hypotheses on dysregulated

pathways (33). MiRNomics and transcriptomic research has been

applied to central and peripheral tissues from both humans with

PTSD and animal models (34–36). Findings include over-

representation of several miRNA- families (34, 36) and over-

expression of genes involved in inflammatory response and immune

signaling (37–39). In Reli€ving-PTSD, we will recruit patients

hospitalized in ICU and followed-up for one year. We will: (1)

collect longitudinal data on biochemical markers of the eCB and

stress systems; (2) perform a transcriptome and miRNome analysis.

Through this longitudinal approach, we aim to further explore PTSD

neurobiology, possibly unraveling new targets for precision medicine

prophylactic and/or therapeutic interventions.
Methods and analysis

Study design

Reli€ving-PTSD is a longitudinal project designed to identify

molecular markers of PTSD vulnerability and progression. ICU

survivors will be assessed between 3 and 60 days after ICU discharge

(T0) and after 1 year (T1). Assessment will consist of PTSD

symptoms evaluation with standardized questionnaires and blood

samples collection. Blood/plasma will be collected for identification

of biochemical markers of the eCB and stress systems, as well as for

miRNome and transcriptome analyses, to uncover early and late

post-trauma alterations associated with vulnerability or resilience to

the development of PTSD. Transcriptome/miRNome data will be

validated by real-time PCR.
Aims and hypotheses

Aim 1
Characterization of the neuroendocrine determinants of PTSD

vulnerability and progression in human patients.
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Hypothesis 1
Patients exposed to trauma who develop PTSD symptoms have

early (T0) and late (T1) distinct eCB and stress systems molecular

signatures compared to asymptomatic trauma-exposed patients

sampled at the same time points.

Aim 2
Identification of miRNomics and transcriptomics signatures

associated with PTSD vulnerability and progression in human patients.

Hypothesis 2
Patients exposed to trauma who develop PTSD symptoms have

early (T0) and late (T1) distinct miRNomics and transcriptomics

signatures compared to asymptomatic trauma-exposed patients

sampled at the same time points.
Clinical population

The study will recruit 60 participants hospitalized in the ICU of

the University Hospital Agency of Cagliari. The sample size is

adequately powered (Beta>90%) given previous data showing an

effect size (F) of 3.2 in differences between baseline and six-eight

months assessment of eCB metabolites (40). Participants will be

eligible for this study if they are: 1) between 18 and 65 years old; 2)

able to provide written informed consent. We plan to recruit 30

patients with a diagnosis of PTSD or Acute Stress Disorder (ASD)

according to DSM-5 and 30 patients without either diagnosis. We

aim to enroll a gender-balanced sample, with approximately equal

numbers of male and female participants in each group. Exclusion

criteria are: 1) history of traumatic brain injury; 2) current and/or

lifetime diagnosis of psychiatric disorders other than PTSD/ASD; 3)

current and/or lifetime diagnosis of substance use disorder; 4)

presence of severe neurological or medical morbidity. These

stringent eligibility criteria will reduce the confounding effect of

comorbidities, as molecular alterations of the eCB system have been

associated to several psychiatric disorders (41). All participants will

provide written informed consent.
Procedures and measures

The following paragraph outlines all the procedures and the

outcome measures, organized by study section and type of

assessment. A summary is provided in Table 1.

Participants will be recruited 3 to 60 days after ICU discharge,

based on clinical stability and the ability to provide informed

consent. A patient will be considered clinically stable if their

condition is compatible with outpatient care. Clinical evaluation,

plasma and blood sampling will be done concurrently at baseline

(T0) and at a 12-months follow-up (T1).

Clinical assessment
To evaluate the presence and severity of PTSD symptoms we will

employ: 1) the Italian version of the PTSD Checklist for the DSM-5

(PCL-5, 42); and 2) the Clinician-Administered PTSD Scale for
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DSM-5 (CAPS-5, 43). The PCL-5 is a self-report questionnaire

composed of 20 items that are scored on a 5-point Likert scale. It

was primarily developed for PTSD screening and longitudinal

symptoms monitoring (42). The Italian version of the PCL-5 has

good validity and reliability (44). The CAPS-5 is a structured clinical

interview that represents the gold standard in PTSD assessment and

diagnosis according to DSM-5 (43). For the study the past-month

version of the CAPS-5 will be administered by a trained psychiatrist.

The first assessment (T0) will be made 3-to-60 days after ICU

discharge. The scales administered will allow the dimensional

assessment of post-traumatic stress symptoms and the possible

categorical diagnosis of PTSD or ASD according to DSM-5 criteria.

Several studies have assessed PTSD symptoms in ICU survivors in the

first weeks after hospital discharge and found that 5-45% of patients

were already showing symptoms (45–48). The same clinical

assessment will be repeated at a 12-months follow-up on the whole

sample (T1), to identify longitudinal trajectories of PTSD symptoms

and distinguish resilient participants (RES) from susceptible ones

(SUS, defined as participants with a PTSD diagnosis according to

DSM-5 criteria one year after trauma).

Molecular analysis
Wewill assess levels of biochemical markers of the eCB and stress

systems (e.g. circulating endocannabinoid levels and cortisol) and

then we will perform transcriptome and miRNome analysis. Blood/

plasma samples will be immediately stored at -80°C after collection.

PAXgene Blood RNA Tube (QIAGEN N.V., Hilden, Germany) will

be used to collect blood for RNA analysis. After the identification of

alterations, we will proceed to validate them by using real-time PCR.

Single-stranded cDNA will be synthesized from total RNA using the

SuperScript III Reverse Transcriptase kit (Thermo Fisher Scientific,

Waltham, MA, USA). RT-qPCR reactions will be conducted on a

7900HT Fast Real-Time PCR System (Applied Biosystems, Life

Technologies, Carlsbad, CA, USA). RNA isolation, cDNA synthesis

and PCR will be performed in the plasma of human participants.
Data analysis

Statistical analyses will be performed using IBM SPSS Statistics

for Windows, Version 27 (IBM Corp., Armonk, NY, USA), R
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software (Version 1.2.5042). Between-groups comparisons of

neuroendocrine molecular markers, transcriptome and miRNome

profiles will be tested with ANOVA and MANOVA as appropriate

Post-hoc Tukey’s test will be applied as needed. Normality of data

distribution will be ascertained through Shapiro-Wilk test. In the

unlikely case of not normally distributed data, Kruskal-Wallis test

will be applied. To test the association between PTSD symptoms

and biological dependent variables, we will use multivariate

correlation plots generated using the corrplot package in R,

applying Spearman correlation coefficients. Regression analyses

will be used to model the interactions among gender, trauma

type, and circulating eCB levels in relation to PTSD symptom

severity. P- values of less than 0.05 will be considered

statistically significant.
Data management and confidentiality

Personal data protection for human participants will be ensured

in accordance with the European Union General Data Protection

Regulation (GDPR). Each participant will be de-identified through

pseudonymization within both the paper-based Data Collection

Form and the electronic database using a unique progressive

number. Only the Principal Investigator and the authorized

medical personnel (who are bound to professional confidentiality

according to the Italian Law) will have access to the code allowing

for re-identification. Participants will have the right to withdraw

their consent to collect, use, or publish their data at any time

without the need to provide further explanations. In compliance

with the Article 13 of the GDPR (2016/679), the results of this study

may be published on scientific journals while ensuring the

protection of the participants’ personal data.
Discussion

PTSD is a chronic and debilitating condition characterized by

significant morbidity and an overwhelming burden on healthcare

systems, largely due to the absence of effective treatments (3, 4). The

Reli€ving-PTSD project aims to identify molecular biomarkers that

influence vulnerability, resilience, and the progression of PTSD

across sexes, by integrating neuroendocrine profiling with

transcriptomic and miRNA analyses. Our multidisciplinary

approach will be valuable in enhancing the understanding of the

disorder and fostering innovative strategies in prevention and

treatment. A key focus of the project is the identification of

biological markers associated with PTSD vulnerability, enabling

the early identification of individuals who may benefit from timely

interventions following trauma exposure. Additionally, the

discovery of protective factors will provide critical insights into

the mechanisms underlying resilience, creating opportunities for

the development of prophylactic strategies.

The project has important strengths: (i) the use of an unbiased

‘omics’ approach allowing the discovery of novel, unexplored

targets, paving the way for the development of future treatments;

(ii) its longitudinal design, enabling the identification of early
TABLE 1 List of assessment for outcome measures.

Behavioral and clinical
outcome measures

Molecular outcome
measures

• PCL-5 total score
• CAPS-5 total symptom severity score
• CAPS-5 PTSD diagnosis
• CAPS-5 reexperiencing score
• CAPS-5 avoidance score
• CAPS-5 negative alterations in cognition
and mood score
• CAPS-5 hyperarousal score
• CAPS-5 dissociation score

• Levels of AEA, 2-AG, OEA,
PEA
• Levels of Cortisol,
• Total RNA-Seq
• miRNA-Seq
PTSD, Post-Traumatic Stress Disorder; CAPS-5, Clinician-Administered PTSD Scale; PCL-5,
PTSD Checklis t for the DSM-5; 2-AG, 2-arachidonoylg lycerol ; AEA, N-
arachidonoylethanolamine; OEA, N-oleoylethanolamine; PEA, N-palmitoylethanolamine.
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predictors of PTSD following ICU treatment. Beyond its focus on

PTSD, the framework of Reli€ving-PTSD holds promise for

application to other trauma- and stress-related mental health

conditions, expanding its potential clinical and societal impact.

Despite its strengths, the present study has several limitations.

First, the sample size limits the possibility of conducting fully

powered subgroup analysis regarding hormonal status in female

participants (e.g., before/after menopause), which would be of

particular interest as evidence point towards a strong influence of

ovarian hormones in the eCB system (49). Second, the heterogeneity

of reasons leading to ICU admission may contribute to variability in

PTSD risk. To address this, trauma type will be accounted for in the

statistical analysis. Third, the risk of attrition at the 12-months

follow-up might reduce the statistical power of our longitudinal

analysis. We plan to mitigate it by close collaboration with general

practitioners. Fourth, endocannabinoid concentrations in biological

fluids often exhibit significant variabilities across experimental

conditions, thus posing a challenge in the reliability of molecular

analysis (50). To reduce the risk of bias, we will: (a) use plasma as the

biological matrix, due to its higher endocannabinoid concentrations

and improved signal-to-noise ratio; (b) collect all blood samples

between 9:00 and 11:00 AM to minimize variability due to circadian

fluctuations (51); (c) process samples rapidly by placing blood on ice,

centrifuging within 15 minutes and storing plasma at -80°C to

minimize ex-vivo synthesis by blood leukocytes and platelets and

to maximize the stability of endocannabinoids levels over time (52).

Fifth, the lack of pre-trauma and genotypic data prevents a clear

distinction between inherited and acquired molecular alterations.

Our design focuses on identifying post-trauma biological changes and

their longitudinal association with psychopathological outcomes and

do not directly address whether the molecular signatures observed are

predisposing traits or consequences of trauma exposure. Finally, the

highly specific nature of our ICU sample will limit the generalizability

of our findings to other trauma-exposed populations. Future

replication studies will be required to enhance external validity of

our results.

In conclusion, this research addresses critical gaps in PTSD

management. The outcomes are anticipated to significantly advance

scientific knowledge, inform clinical practices, and benefit public

health by reducing the societal and economic burden of PTSD

through improved precision medicine-based prevention and

treatment strategies.
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Investigator’s file and will be kept with it. A copy of the informed

consent form will be provided to participants.
Author contributions

FS: Writing – original draft. PP: Data curation, Writing – review &

editing. GM: Data curation, Writing – review & editing. MMo:

Conceptualization, Data curation, Writing – review & editing. MP:

Data curation, Writing – review & editing. FP: Conceptualization,

Writing – review & editing. MC: Data curation, Writing – review &

editing. CV: Data curation, Writing – review & editing. FM: Data

curation, Writing – review & editing. GC: Data curation, Writing –

review & editing. FC: Data curation, Writing – review & editing.

PC: Methodology, Writing – review & editing. GF: Data curation,

Methodology, Writing – review & editing. SS: Data curation,

Methodology, Writing – review & editing. MP: Methodology,

Writing – review & editing. ED’A: Data curation, Methodology,

Writing – review & editing. CP: Data curation, Methodology, Writing

– review & editing. AS: Data curation, Methodology, Writing – review

& editing. DC:Writing – review& editing, Data curation, Methodology.

GL: Conceptualization, Funding acquisition, Supervision, Writing –

review & editing. MMa: Conceptualization, Funding acquisition,

Supervision, Writing – review & editing. PC: Conceptualization,

Funding acquisition, Supervision, Writing – review & editing.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This study was funded by

the European Union - Next Generation EU - NRRP M6C2 -

Investment 2.1 Enhancement and strengthening of biomedical

research in the NHS, project titled “Reli€ving the burden of Post-

Traumatic Stress Disorder: disentangle mechanisms of vulnerability

and resilience to tailor personalized therapeutic intervention

(PNRR-MAD-2022-12376156).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
frontiersin.org

https://doi.org/10.3389/fpsyt.2025.1584583
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Suprani et al. 10.3389/fpsyt.2025.1584583
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Psychiatry 06
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Lokshina Y, Sheynin J, Vogt GS, Liberzon I. Fear extinction learning in
posttraumatic stress disorder. Curr Top Behav Neurosci. (2023) 64:257–70.
doi: 10.1007/7854_2023_436

2. Koenen KC, Ratanatharathorn A, Ng L, McLaughlin KA, Bromet EJ, Stein DJ,
et al. Posttraumatic stress disorder in the World Mental Health Surveys. Psychol Med.
(2017) 47:2260–74. doi: 10.1017/S0033291717000708

3. Steinert C, Hofmann M, Leichsenring F, Kruse J. The course of PTSD in
naturalistic long-term studies: high variability of outcomes. A Syst Review Nord J
Psychiatry. (2015) 69:483–96. doi: 10.3109/08039488.2015.1005023

4. Davis LL, Schein J, Cloutier M, Gagnon-Sanschagrin P, Maitland J, Urganus A,
et al. The economic burden of posttraumatic stress disorder in the United States from a
societal perspective. J Clin Psychiatry. (2022) 83:21m14116. doi: 10.4088/
JCP.21m14116

5. Guina J, Nahhas RW, Sutton P, Farnsworth S. The influence of trauma type and
timing on PTSD symptoms. J Nerv Ment Dis. (2018) 206:72–6. doi: 10.1097/
NMD.0000000000000730

6. Hatch R, Young D, Barber V, Griffiths J, Harrison DA, Watkinson P. Anxiety,
Depression and Post Traumatic Stress Disorder after critical illness: a UK-wide
prospective cohort study. Crit Care. (2018) 22:310. doi: 10.1186/s13054-018-2223-6

7. ISTAT. (2023). Available online at: https://www.istat.it/it/files//2023/11/
REPORT-INCIDENTI-STRADALI-PRIMO-SEMESTRE-2023.pdf (Accessed January
15, 2024).

8. Brivio E, Oliveri S, Guiddi P, Pravettoni G. Incidence of PTSD and generalized
anxiety symptoms during the first wave of COVID-19 outbreak: an exploratory study of
a large sample of the Italian population. BMC Public Health. (2021) 21:1158.
doi: 10.1186/s12889-021-11168-y

9. Lushchak O, Velykodna M, Bolman S, Strilbytska O, Berezovskyi V, Storey KB.
Prevalence of stress, anxiety, and symptoms of post-traumatic stress disorder among
Ukrainians after the first year of Russian invasion: a nationwide cross-sectional study.
Lancet Reg Health Eur. (2023) 36:100773. doi: 10.1016/j.lanepe.2023.100773

10. Goldstein RB, Smith SM, Chou SP, Saha TD, Jung J, Zhang H, et al. The
epidemiology of DSM-5 posttraumatic stress disorder in the United States: results from
the National Epidemiologic Survey on Alcohol and Related Conditions-III. Soc
Psychiatry Psychiatr Epidemiol. (2016) 51:1137–48. doi: 10.1007/s00127-016-1208-5

11. Frissa S, Hatch SL, Gazard B, SELCoH Study Team, Fear NT, Hotopf M. Trauma
and current symptoms of PTSD in a South East London community. Soc Psychiatry
Psychiatr Epidemiol. (2013) 48:1199–209. doi: 10.1007/s00127-013-0689-8

12. Breslau N, Kessler RC, Chilcoat HD, Schultz LR, Davis GC, Andreski P. Trauma
and posttraumatic stress disorder in the community: the 1996 Detroit Area Survey of
Trauma. Arch Gen Psychiatry. (1998) 55:626–32. doi: 10.1001/archpsyc.55.7.626

13. Lewis SJ, Arseneault L, Caspi A, Fisher HL, Matthews T, Moffitt TE, et al. The
epidemiology of trauma and post-traumatic stress disorder in a representative cohort of
young people in England and Wales. Lancet Psychiatry. (2019) 6:247–56. doi: 10.1016/
S2215-0366(19)30031-8

14. Heim C, Nemeroff CB. Neurobiology of posttraumatic stress disorder. CNS
Spectr. (2009) 14:13–24.

15. Cathomas F, Murrough JW, Nestler EJ, Han MH, Russo SJ. Neurobiology of
resilience: interface between mind and body. Biol Psychiatry. (2019) 86:410–20.
doi: 10.1016/j.biopsych.2019.04.011

16. Berardi A, Schelling G, Campolongo P. The endocannabinoid system and Post
Traumatic Stress Disorder (PTSD): From preclinical findings to innovative therapeutic
approaches in clinical settings. Pharmacol Res. (2016) 111:668–78. doi: 10.1016/
j.phrs.2016.07.024

17. Gunduz-Cinar O. The endocannabinoid system in the amygdala and modulation
of fear. Prog Neuropsychopharmacol Biol Psychiatry. (2021) 105:110116. doi: 10.1016/
j.pnpbp.2020.110116

18. Fride E, Suris R, Weidenfeld J, Mechoulam R. Differential response to acute and
repeated stress in cannabinoid CB1 receptor knockout newborn and adult mice. Behav
Pharmacol. (2005) 16:431–40. doi: 10.1097/00008877-200509000-00016

19. Gunduz-Cinar O, MacPherson KP, Cinar R, Gamble-George J, Sugden K,
Williams B, et al. Convergent translational evidence of a role for anandamide in
amygdala-mediated fear extinction, threat processing and stress-reactivity. Mol
Psychiatry. (2013) 18:813–23. doi: 10.1038/mp.2012.72

20. Lisboa SF, Vila-Verde C, Rosa J, Uliana DL, Stern CAJ, Bertoglio LJ, et al.
Tempering aversive/traumatic memories with cannabinoids: a review of evidence from
animal and human studies. Psychopharmacol (Berl). (2019) 236:201–26. doi: 10.1007/
s00213-018-5127-x
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