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CME

CB1 vorhanden in:
• ZNS und PNS
• Lunge
• Gefäßsystem
• Muskeln
• Gastrointestinaltrakt
• Gonaden

CB2 vorhanden in:
• Milz
• Knochen
• Haut
• ZNS und PNS

(hochreguliert bei 
"Entzündung")

CB1 + CB2 vorhanden in:
• Immunsystem
• Leber
• Knochenmark
• Pankreas
• Niere

Abb. 39Verteilung von CB1- und
CB2-Rezeptoren im Körper.CBCan-
nabinoidrezeptoren, PNSperipheres
Nervensystem, ZNS zentrales Ner-
vensystem. (Modifiziert nachMedi-
cal Cannabis Clinic, Australien)

Endocannabinoide

EC sind an einer extrem großen Anzahl physiologischer Prozesse beteiligt, was auch damit
zusammenhängt, dass es weitere Bindungsorte für sie gibt, so etwa [8, 9]
4 den „G protein-coupled receptor 55“ (GPR55),
4 verschiedene Vanilloidrezeptoren (z.B. „transient receptor potential vanilloid 1“ [TRPV1]),
4 5-Hydroxytryptamin-Rezeptoren (z.B. 5-HT3) und
4 verschiedene Peroxisom-Proliferator-aktivierte Rezeptoren (PPAR) im Zellkern.

ECwerdennachBedarfüberenzymatischeProzesseausPhospholipidvorstufeninderZellmembran
gebildet. Ihre kurze Wirkdauer ergibt sich aus der raschen Hydrolyse durch die Fettsäureamid-
hydrolase (FAAH), die AEA metabolisiert, und durch die Monoacylglycerollipase (MAGL), die
2-AG zu Arachidonsäure abbaut [8]. AEA und 2-AG können aber auch durch Cyclooxygenase-2
(COX-2), bestimmte Lipoxygenasen oder das Cytochrom-P450 -System oxidiert werden [8]. Die
enge Verzahnung mit dem Arachidonsäurezyklus wird dadurch deutlich, dass der Wirkmecha-
nismus vonMetamizol, Paracetamol und vielen nichtsteroidalen Antirheumatika die direkte oder
indirekte Aktivierung von Cannabinoidrezeptoren involviert ([10]; . Abb. 4). Weitere Regulati-
onsmechanismen der EC werden über ein intrazelluläres Transportsystem (fettsäurebindendes
Protein [FABP]) und durch Speicherung in bestimmten Reservoiren (Adiposomen) vermittelt
[8, 11, 12].

Wirkmechanismen im Nervensystem

Im Nervensystem sind EC retrograde Botenstoffe, die an den präsynaptisch gelegenen CB1-
Rezeptoren agonistisch wirken, wodurch die Neurotransmission gebremst wird. CB1-Rezeptoren
finden sich sowohl auf exzitatorischen als auch auf inhibitorischenNeuronen,wodurch gleichzeitig
bzw. abhängig von der Konzentration der EC oder der exogen zugeführten Cannabinoide die
γ-Aminobuttersäure(GABA)erge und die glutamaterge Transmission supprimiert werden, ein
Vorgang, der „depolarisation-induced suppression of inhibition“ (DSI) bzw. „deporalisation-
induced suppression of excitation“ genannt wird (DSE; [13]; . Abb. 5). Der Nettoeffekt aus
diesem Vorgang ergibt sich aus dem Verhältnis von DSI zu DSE und stellt das „Feintuning“ der
Neurotransmission im zentralen (ZNS) und peripheren Nervensystem dar, wobei auch andere
Neurotransmitter wie Serotonin und Noradrenalin [14], Acetylcholin und Dopamin in ihrer
Freisetzung moduliert werden [15].

Die kurze Wirkdauer der EC ergibt
sich aus der raschen Hydrolyse
durch FAAH, MAGL und weitere
Enzyme

Weitere Regulationsmechanismen
der EC werden über ein intra-
zelluläres Transportsystem und
durch Speicherung in Adiposomen
vermittelt

CB1-Rezeptoren finden sich sowohl
auf exzitatorischen als auch auf
inhibitorischen Neuronen

Der Schmerz

Endocannabinoidsystem
CB1- und CB2-Rezeptoren

Karst M, Schmerz 2018;32(5):381-96
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Deutsch Anandamide Uptake, Transport, and Inactivation

FIGURE 2 | Schematic of Anandamide Uptake and Inactivation. Endogenous anandamide (AEA) passes through the cellular membrane without the need for a

protein transporter and is shuttled through the aqueous environment of the cytoplasm with the fatty acid binding protein transporters (FABPs) to endoplasmic

reticulum (ER) localized fatty acid amide hydrolase (FAAH) for catabolism. FAAH drives the uptake and inhibition of FAAH or the FABPs reduces the rate of anandamide

breakdown and raises the AEA levels for signaling at the receptor.

potentiated in N18TG2 neuroblastoma cells after overexpression
of FABP5 or FABP7 or in COS-7 cells stably expressing FAAH.
Administration of the competitive FABP ligand oleic acid
or the non-fatty acid FABP inhibitor BMS309403 attenuated
AEA uptake and hydrolysis confirming the roles of FABP
as AEA carriers (Kaczocha et al., 2009). Shortly thereafter,
molecular dynamics simulations of AEA in complex with
FABP7 showed that the carboxamide oxygen of AEA can
interact with FABP7 interior residues R126 and Y128, while
the hydroxyl group of AEA can interact with FABP7 interior
residues, T53 and R106 (Howlett et al., 2011). Using more
detailed structural crystallographic studies we determined
that AEA (as well as 2-AG) bound to key amino acid

residues consistent with that observed for fatty acids and the
corresponding polar groups for the endocannabinoids (Sanson
et al., 2014).

INHIBITORS OF THE FABPS AND BINDING
OF CANNABINOIDS

Specific inhibitors of the FABPs were developed at Stony Brook
such as SBFI26 that led to an increase in AEA levels in the brains
of animals and had physiological effects. As shown in Figure 2,
inhibiting the FABPs will reduce the AEA delivery to FAAH and
disrupt the outward/inward concentration gradient driven by

Frontiers in Pharmacology | www.frontiersin.org 4 October 2016 | Volume 7 | Article 370

Deutsch DG, Front Pharmacol 2016;7(370)

MAGL

Arachidonsäure

Liganden und Inaktivierungsmechanismen

Guzman M, Nat Rev Cancer 2003;3(10):745-55
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CB-Rezeptor-Funktion

Guzman M, Nat Rev Cancer 2003;3(10):745-55 Koch M et al., Front Neurosci 2017;11:293
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Metabolische Funktion des Endocannabinoidsystems

Pepper I et al., Front Endocrinol 2019;10:311
Schulz P et al., Nutrients 2021;13:373
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Metabolische Funktion des Endocannabinoidsystems

Piazza PV et al., Neuron 2017,93:1252-74
Pepper I et al., Front Endocrinol 2019;10:311

Fasten-Intervalle
Nahrung aus der Natur

Akute Überlebensgefahren
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Metabolische Funktion des Endocannabinoidsystems

Piazza PV et al., Neuron 2017,93:1252-74
Pepper I et al., Front Endocrinol 2019;10:311

Mehr Nahrung
Höhere Energiedichte

Von Überlebensgefahr 
zu sozialer Sicherheit

Kalorischer Exzess
Verarbeitete Lebensmittel

Metabolisches Ungleichgewicht
Chronischer sozialer Stress
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Metabolisches Syndrom

• Insulinresistenz
• Adipositas
• Arterielle Hypertonie
• Fettstoffwechselstörungen
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Cannabinoide zur metabolischen Regulation

• Rimonabant (Acomplia ®) 20 mg (CB1-Rezeptorantagonist)
• Zw. 2006 und 2008 in der EU zugelassen zur Behandlung von Adipositas 

und Risikofaktoren (DM Typ II, Dyslipidämie)
• Wegen erhöhtem Risiko für Depression/Suizidgedanken/Suizidrisiko in 

2009 Widerruf der Zulassung
• THC (Marinol®) 2,5 mg

• Seit 1985 in den USA zugelassen zur Appetitstimulation bei HIV/AIDS 
und Krebs-Erkrankungen sowie zur Behandlung von Chemotherapie 
bedingter Übelkeit/Erbrechen (CINV)

• Nabilon (Canemes®) 1 mg
• Seit 2017 in Deutschland zugelassen zur Behandlung von CINV 

zugelassen, zuvor schon in anderen Ländern
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Cannabinoide zur metabolischen Regulation

Cinar et al., Pharmacol Ther 2020;208:107477
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„Cannabinoide“ zur metabolischen Regulation

Guzman M, Nat Rev Cancer 2003;3(10):745-55Armeli et al., Biomolecules et al. 2021;11:790
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Reddy V et al. EPMA journal 2020;11:217-50

Cannabinoide in der Neurologie/Psychiatrie
Endocannbinoid-Defizienz-Syndrom?

Nabiximols

CBD

12
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Cannabinoide zur Behandlung von Spastik und 
seltenen Anfallsleiden

• Nabiximols (Sativex ®) 2,7/2,5 mg pro Hub
• Seit 2011 in der EU zugelassen zur Behandlung von Spastik bei MS, 

wenn andere Muskelrelaxantien (Baclofen, Tizanidin) nicht ausreichend 
gewirkt haben

• CBD (Epidyolex®) 2,5 mg/kg
• Seit 2019 in Deutschland zugelassen zur Behandlung von Lennox-

Gastaut-Syndrom, Dravet-Syndrom und Tuberöser Sklerose bei 
Patienten ab 2 Jahren

https://www.ema.europa.eu/en/documents/product-information/epidyolex-epar-product-
information_de.pdf, letzter Zugriff 27. Mai 2022

https://www.cannabis-med.org/german/sativex.pdf, letzter Zugriff 27. Mai 2022
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Entourage Effekt bei Vollspektrum-CBD
CBD-reicher Extrakt vs gereinigtes CBD

10 Studien, 670 Patienten

Pamplona FA et al. Front Neurol 2018;9:759

Pamplona et al. Benefits of Cannabis Extracts in Epilepsy

TABLE 2 | Efficacy of treatments in the reduction of convulsive seizures (heterogeneous population).

Treatment references Patients Reported

improvement

>50% >70% Daily dose (weighted average)

(mg/kg/day)

Total reports 670 399/622 216/553 83/430 (2–50 mg/kg)

Mean 100% 64% 39% 19% 17.7 mg/kg

CBD pure (6) 137 37% 37% 22% 22.9 mg/kg

CBD pure (7) 7 86% 71% 57% 22 mg/kg

CBD pure (8) 13 85% 70% 46% 24.6 mg/kg

CBD pure (9) 18 72% 50% 22% 37.7 mg/kg

CBD pure (10) 48 NR 42% NR 28.2 mg/kg

CBD-rich extract (11) 19 84% 74% 42% 7.0 mg/kg

CBD-rich extract (12) 117 85% NR NR 4.3 mg/kg

CBD-rich extract (28) 75 57% 33% NR NR

CBD-rich extract (13) 74 89% 34% 18% <10 mg/kg

CBD-rich extract (14) 43 83% 67% 42% 3.2 mg/kg

CBD-rich extract (15) 119 49% 24% NR NR

Endpoints: any improvement reported, improvement >50% (“clinical responder”) and >70%, and average dose reported. NR, not reported; ?, inconclusive.

FIGURE 2 | Scatterplot diagram of treatment efficacy, according to the data of “clinical improvement” reported in the aforementioned clinical studies. The X-axis

represents the rate of clinical improvement (from 0 to 1, 100% = 1). The Y-axis is arbitrary “Study ID.” The size of each point represents the number of patients

included in the study and gives an idea of the “weight” of each study. The dotted line is the average, regardless of treatment. Each type of treatment (Purified CBD vs.

CBD-rich extracts) is coded with a different color, according to the legend. Same data as Table 1, except for one study (10) due to unreported data.

Moreover, there was no difference among subtypes of epileptic
encephalopathies (Dravet and Lennox-Gastaut syndromes),
although the data implies that patients from these two genetic-
related epileptic syndrome are more sensitive to CBD treatment
(Supplementary Table 1). At least 18% of all treated patients
showed an “improvement >70%” in seizures frequency (83/430
patients) and the studies varied between 18 and 57% (Table 2).

The “seizure free” endpoint was not used for the analysis because
it is not a parameter used by a significant amount of the selected
studies. The number of individuals that remained free of seizures
was close to 10% in the papers reporting this endpoint, which is
a relevant amount for a population that tried several prior anti-
epileptic medications without success. The proportion of patients
reporting any improvement and “classical” responders was also

Frontiers in Neurology | www.frontiersin.org 5 September 2018 | Volume 9 | Article 759

71% vs 36% „improvement“
6,1 mg/kg/d vs 27,1 mg/kg/d
Sign. mehr NW bei gereinigtem CBD
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https://www.ema.europa.eu/en/documents/product-information/epidyolex-epar-product-information_de.pdf
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Entourage Effekt bei Cannabisblüten

Aviram J et al.  Pharmacol Res 2021;169:105651
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Entourage Effekt bei Cannabisblüten
Bsp. Schmerzlinderung

Schmidt-Wolf G et al., Bundesgesundheitsbl 2019;62:845-54
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Novotna et al. Eur J Neurol 2011

Nabiximols zur Spastikbehandlung bei MS

272 von 572 
hatten nach 4 

Wochen ≥ 
20% 

Verbesserung 
der Spastik

17

Patti F et al. Neurol Sci April 2020 

Pleiotrope Effekte durch Nabiximols

Wirksam auch bei anderen MS 
assoziierten Symptomen

18
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Pleiotrope Effekte in der Cannabis-Multiple Sklerose- Studie (CAMS)

• RCT
• 630 MS-Patienten
• THC 2,5 mg vs

Cannabisextrakt (2,5 mg 
THC +1,25 mg CBD) vs
Placebo

• 5 Wochen Dosis-Titration, 
8 Wochen Plateauphase,  
1 Woche Reduktion,        
1 Woche Therapiepause 
(= Visit 8)

Zajicek et al. Lancet 2003;362:1517-26
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ECS und Stress 

„Patients with unsatisfactory response to other
methods of pain therapy and who were

characterized by failed stress adaptation
particularly benefited from treatment with

cannabinoids.“ 

Role of Cannabinoids in the Treatment of
Pain and (Painful) Spasticity
Matthias Karst, Sonja Wippermann and Jörg Ahrens

Department of Anaesthesiology, Pain Clinic, Hannover Medical School, Hannover, Germany
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Abstract Both the discovery of the endocannabinoid system (ECS) and its role in
the control of pain and habituation to stress, as well as the significant an-
algesic and antihyperalgesic effects in animal studies, suggest the usefulness of
cannabinoids in pain conditions. However, in human experimental or clinical
trials, no convincing reduction of acute pain, which may be caused by a
pronociceptive, ECS-triggered mechanism on the level of the spinal cord, has
been demonstrated. In contrast, in chronic pain and (painful) spasticity, an
increasing number of randomized, double-blind, placebo-controlled studies
have shown the efficacy of cannabinoids, which is combined with a narrow
therapeutic index. Patients with unsatisfactory response to other methods of
pain therapy and who were characterized by failed stress adaptation partic-
ularly benefited from treatment with cannabinoids. None of the attempts to
overcome the disadvantage of the narrow therapeutic index, either by chan-
ging the route of application or by formulating balanced cannabinoid pre-
parations, have resulted in a major breakthrough. Therefore, different
methods of administration and other types of cannabinoids, such as en-
docannabinoid modulators, should be tested in future trials.

REVIEWARTICLE
Drugs 2010; 70 (18): 2409-2438

0012-6667/10/0018-2409/$55.55/0

ª 2010 Adis Data Information BV. All rights reserved.
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ECS und Stress 

Hill MN et al., Neuropsychopharmacoly 2018;43(1):80-102

mechanisms modulate the biological processes relevant to
the pathophysiology of PTSD, and is the direction of
modulation consistent with a potential therapeutic benefit?
And second, given that exogenous cannabinoids interact
with the eCB signaling system, is there evidence that a
disturbance in eCB function could actually be a predisposing
factor in the development of PTSD? For example, could
deficient eCB signaling both contribute to the development
of PTSD and explain the symptom-coping motives highly
cited by PTSD patients who use cannabis (Bujarski et al,
2012)?

ENDOCANNABINOIDS, CANNABINOIDS, AND
NEUROENDOCRINE SYSTEMS
eCBs have been heavily implicated in modulation of the
physiological and behavioral sequelae of stress exposure,
particularly with respect to neuroendocrine aspects of the
stress response (for a more in-depth review on this subject see
Hillard et al (2016); Lutz et al (2015); Morena et al (2016b)).
With respect to the HPA-axis, eCB signaling appears to be an
important modulator of activation and termination of the
HPA-axis function. Specifically, studies examining the effects
of stress exposure on eCB levels have revealed two well-
established patterns of effects. First, acute and repeated stress
exposure reduce AEA levels in several limbic regions
including the amygdala, PFC, hippocampus, and hypothala-
mus (Figure 1) (Bluett et al, 2014; Dubreucq et al, 2012; Gray
et al, 2015; Hill et al, 2008a, 2009a, 2010c, 2013b; Jennings
et al, 2016; Patel et al, 2004, 2005; Rademacher et al, 2008).
This reduction in AEA signaling appears to be mediated by
CRH signaling at the CRH1 receptor (Gray et al, 2015, 2016;
Natividad et al, 2017). Interestingly, glucocorticoid hormones
have been found to increase AEA levels within areas of the
brain, such as the amygdala, in the short term (Hill et al,
2010a), a process which is thought to be involved in the
normalization of reduced AEA content following exposure to
stress (Morena et al, 2016b). The relationship between AEA
and glucocorticoids has also been found in the periphery and
in humans, whereby chronic exposure to glucocorticoids
increases circulating levels of AEA in rodents (Bowles et al,
2015), and circulating levels of cortisol in humans positively
correlate with circulating levels of AEA (Hill et al, 2013a). As
such, these data indicate that CRH signaling decreases AEA
signaling, through an increase in FAAH-mediated AEA
hydrolysis, while glucocorticoid hormones seem to increase
AEA signaling. In addition, suppression of AEA signaling
within the amygdala has been found to correlate to the
magnitude of the HPA response to stress, and in line with this,
systemic, or intra-amygdala, inhibition of AEA hydrolysis has
been found to dampen basal or stress-induced activation of
the HPA-axis (Bedse et al, 2014; Hill et al, 2009a, 2010c; Patel
et al, 2004).
The second pattern of stress-induced changes in eCB

signaling involves a stress-induced increase in 2-AG levels,
particularly within the amygdala and PFC, after acute, and

especially repeated homotypic stress exposure (Figure 1)
(Bluett et al, 2017; Dubreucq et al, 2012; Evanson et al, 2010;
Gray et al, 2015; Hill et al, 2008a, 2010c, 2011b; Patel et al,
2004, 2005; Rademacher et al, 2008; Wang et al, 2012). These
increases appear to be relatively short-lived and return to
baseline in many cases within hours. The primary mechan-
ism mediating these increases is the release of glucocorticoid
hormones (see Balsevich et al, 2017). Glucocorticoids
increase 2-AG release through both genomic and non-
genomic mechanisms that have yet to be fully described (Di
et al, 2005, 2016; Wamsteeker et al, 2010; Wang et al, 2012),
and acute stress-induced increases in amygdala 2-AG
positively correlate with amygdala corticosterone levels
(Bedse et al, 2017). Stress-induced increases in 2-AG are
important for several aspects of the stress response, however,
a primary function is to contribute to glucocorticoid-
mediated negative feedback termination of the stress

Time (Days)

Time

?

?

STRESS

CRH
Others

?
FAAH activity

Anxiety
Baseline

Baseline

STRESS STRESS STRESS

AEA levels

Corticosterone
Others

?   CORT     

2-AG

1 2 3

Figure 1. Effects of stress on eCBs and the proposed link to related
physiological and behavioral processes. (Top) Stress exposure causes
CRH release, which in turn increases FAAH activity to drive down AEA
levels within cortico-limbic structures. This reduction in AEA plays a
permissive role in the expression of stress-induced anxiety-like behaviors.
Pharmacological blockade of FAAH would ‘clamp’ AEA at high levels and
thus prevent stress-induced AEA reductions and thereby prevent stress-
induced anxiety (not shown). (Bottom) Stress exposure increases 2-AG
levels in the amygdala and PFC possibly driven by stress-induced
corticosterone release. Upon subsequent stress exposures the 2-AG
response shows sensitization via a mechanism which may involve
impaired degradation (Sumislawski et al, 2011). This progressive increase
in stress-induced 2-AG release in the amygdala is correlated with
habituation of the HPA-axis response (red) to repeated homotypic stress
exposure (Hill et al, 2010c).

Cannabinoids and posttraumatic stress disorder
MN Hill et al
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mechanisms modulate the biological processes relevant to
the pathophysiology of PTSD, and is the direction of
modulation consistent with a potential therapeutic benefit?
And second, given that exogenous cannabinoids interact
with the eCB signaling system, is there evidence that a
disturbance in eCB function could actually be a predisposing
factor in the development of PTSD? For example, could
deficient eCB signaling both contribute to the development
of PTSD and explain the symptom-coping motives highly
cited by PTSD patients who use cannabis (Bujarski et al,
2012)?

ENDOCANNABINOIDS, CANNABINOIDS, AND
NEUROENDOCRINE SYSTEMS
eCBs have been heavily implicated in modulation of the
physiological and behavioral sequelae of stress exposure,
particularly with respect to neuroendocrine aspects of the
stress response (for a more in-depth review on this subject see
Hillard et al (2016); Lutz et al (2015); Morena et al (2016b)).
With respect to the HPA-axis, eCB signaling appears to be an
important modulator of activation and termination of the
HPA-axis function. Specifically, studies examining the effects
of stress exposure on eCB levels have revealed two well-
established patterns of effects. First, acute and repeated stress
exposure reduce AEA levels in several limbic regions
including the amygdala, PFC, hippocampus, and hypothala-
mus (Figure 1) (Bluett et al, 2014; Dubreucq et al, 2012; Gray
et al, 2015; Hill et al, 2008a, 2009a, 2010c, 2013b; Jennings
et al, 2016; Patel et al, 2004, 2005; Rademacher et al, 2008).
This reduction in AEA signaling appears to be mediated by
CRH signaling at the CRH1 receptor (Gray et al, 2015, 2016;
Natividad et al, 2017). Interestingly, glucocorticoid hormones
have been found to increase AEA levels within areas of the
brain, such as the amygdala, in the short term (Hill et al,
2010a), a process which is thought to be involved in the
normalization of reduced AEA content following exposure to
stress (Morena et al, 2016b). The relationship between AEA
and glucocorticoids has also been found in the periphery and
in humans, whereby chronic exposure to glucocorticoids
increases circulating levels of AEA in rodents (Bowles et al,
2015), and circulating levels of cortisol in humans positively
correlate with circulating levels of AEA (Hill et al, 2013a). As
such, these data indicate that CRH signaling decreases AEA
signaling, through an increase in FAAH-mediated AEA
hydrolysis, while glucocorticoid hormones seem to increase
AEA signaling. In addition, suppression of AEA signaling
within the amygdala has been found to correlate to the
magnitude of the HPA response to stress, and in line with this,
systemic, or intra-amygdala, inhibition of AEA hydrolysis has
been found to dampen basal or stress-induced activation of
the HPA-axis (Bedse et al, 2014; Hill et al, 2009a, 2010c; Patel
et al, 2004).
The second pattern of stress-induced changes in eCB

signaling involves a stress-induced increase in 2-AG levels,
particularly within the amygdala and PFC, after acute, and

especially repeated homotypic stress exposure (Figure 1)
(Bluett et al, 2017; Dubreucq et al, 2012; Evanson et al, 2010;
Gray et al, 2015; Hill et al, 2008a, 2010c, 2011b; Patel et al,
2004, 2005; Rademacher et al, 2008; Wang et al, 2012). These
increases appear to be relatively short-lived and return to
baseline in many cases within hours. The primary mechan-
ism mediating these increases is the release of glucocorticoid
hormones (see Balsevich et al, 2017). Glucocorticoids
increase 2-AG release through both genomic and non-
genomic mechanisms that have yet to be fully described (Di
et al, 2005, 2016; Wamsteeker et al, 2010; Wang et al, 2012),
and acute stress-induced increases in amygdala 2-AG
positively correlate with amygdala corticosterone levels
(Bedse et al, 2017). Stress-induced increases in 2-AG are
important for several aspects of the stress response, however,
a primary function is to contribute to glucocorticoid-
mediated negative feedback termination of the stress
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Figure 1. Effects of stress on eCBs and the proposed link to related
physiological and behavioral processes. (Top) Stress exposure causes
CRH release, which in turn increases FAAH activity to drive down AEA
levels within cortico-limbic structures. This reduction in AEA plays a
permissive role in the expression of stress-induced anxiety-like behaviors.
Pharmacological blockade of FAAH would ‘clamp’ AEA at high levels and
thus prevent stress-induced AEA reductions and thereby prevent stress-
induced anxiety (not shown). (Bottom) Stress exposure increases 2-AG
levels in the amygdala and PFC possibly driven by stress-induced
corticosterone release. Upon subsequent stress exposures the 2-AG
response shows sensitization via a mechanism which may involve
impaired degradation (Sumislawski et al, 2011). This progressive increase
in stress-induced 2-AG release in the amygdala is correlated with
habituation of the HPA-axis response (red) to repeated homotypic stress
exposure (Hill et al, 2010c).
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take place in response to stress. Under conditions of chronic
stress, not only does the progressive increase in 2-AG
signaling seem important for stress adaptation and habitua-
tion to occur, but the elevated levels of 2-AG may also
function to constrain many aspects of stress as blockade of
the CB1 receptor results in an exacerbation of many of the
effects of stress, such as anxiety and anhedonia. As such,
there seems to be a clear ying–yang relationship for AEA and
2-AG, with both molecules ultimately providing a stress-
inhibitory role, but the reduction in AEA signaling being
relevant for the initiation and manifestation of the effects of
stress, while the increase in 2-AG being relevant for
tempering and terminating the stress response. These
phenomena can be visualized in Figure 3. Moving forward,
it will be important to identify the mechanisms by which
these changes in eCB signaling occur, the circuit-specificity
of these effects, and their impact on synaptic transmission.
With the advent of many refined technologies that facilitate
the examination of these questions, such as optogenetics or
the recently described STORM super-resolution of the CB1
receptor (Dudok et al, 2015), we can hopefully begin to
understand the complexity of these phenomena at both a
synaptic level and a circuit level.
Another concept that merits further attention here is the

potential relevance of the collapse of CB1 receptor signaling
following chronic stress. Throughout this review, we have
highlighted these data indicating the importance of eCB
signaling in buffering against the effects of stress, thus it is
not surprising that the impairments in this system that
emerge following chronic stress seem to associate with the
development of adverse responses, such as anxiety and
anhedonia, which are classically linked with the onset of
psychiatric conditions. In the past few decades, the concept
of allostatic load has been championed by Bruce McEwen
(Karatsoreos and McEwen, 2011), whereby it is hypothesized
that the continual wear and tear from stress exposure
results in an increased vulnerability to the adverse effects of
stress. In this context, it is interesting to consider the
possibility that a collapse of the eCB system could be a
contributor to the effects of allostatic load. This is consistent
with the fact that impairments in this system are associated
with a greater vulnerability to stress-induced mental illnesses
and that, in the animal models, augmentation of the eCB
system can ward off the development of many of these
adverse effects of chronic stress that are signs of allostatic
load. Future work, both basic and clinical, should further
investigate whether impairments in the eCB system are a
potential contributor to allostatic load and, more so, if there
are biomarkers in this system that could act as an index of
stress fatigue or a predictive measure for vulnerability to
psychiatric illness.
Based on these data, there has been a significant interest in

therapeutics development around eCB augmenting agents
for stress-related neuropsychiatric disorders (see (Gaetani
et al, 2009; Hill et al, 2009b; Hill and Patel, 2013c;
Neumeister et al, 2015). Results of pending clinical trials
with FAAH inhibitors will reveal therapeutic potential of this

class of drug for stress-related psychiatric disorder, particu-
larly PTSD and possibly major depression. The potential
utility of MAGL inhibitors could be more problematic, as
unlike the fact that chronic elevations in AEA do not seem to
modulate CB1 receptor function (Lichtman et al, 2002),
chronic elevations in 2-AG signaling, through administration
of high doses of MAGL inhibitors, seem to clearly desensitize
the CB1 receptor (Schlosburg et al, 2010). As such, the utility
of these drugs may be more limited, although additional
studies have indicated that lower-dose titrations of MAGL
inhibitors do not result in a desensitization of CB1 receptors
(Kinsey et al, 2013). That being said, the possibility of
alternate routes of interfering with eCB metabolism seems
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Figure 3. Schematic illustration of behavioral outputs regulated by the
interaction between stress and endocannabinoids. Exposure to stress,
both acute and chronic, generally results in a bidirectional regulation of
anandamide (AEA) and 2-arachidonoyl glycerol (2-AG), with AEA being
reduced and 2-AG being increased from stress. Although the behavioral
outputs regulated by AEA and 2-AG in some cases likely overlap, the
decline in AEA signaling seems to mainly contribute not only to
the manifestation of an anxiety state, the activation of the HPA axis, the
suppression of neurogenesis in the hippocampus, and an impairment in
fear extinction but also may have a role in the development of anhedonia
and hyperalgesia. Unlike AEA, the behavioral influences of 2-AG are less
characterized as selective tools for manipulating 2-AG signaling have only
been recently developed. The stress-induced increase in 2-AG is believed
to buffer and constrain the effects of stress on the brain, particularly by
contributing to termination of stress-induced HPA axis activation and
promoting habituation to stress, to possibly contribute to the ability of
acute stress to shift synaptic plasticity, to mediate stress impairing effects
on memory retrieval, and contribute to stress-induced analgesia.
*Interestingly, with respect to memory consolidation, it appears that the
stress/pain associated with the training procedure (ie, footshock
exposure) leads to an increase in limbic AEA levels that, in turn,
contributes to enhance aversive memory consolidation, distinguishing
this effect from the other noted effects that are related to the decline in
AEA signaling typically seen following stress.
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take place in response to stress. Under conditions of chronic
stress, not only does the progressive increase in 2-AG
signaling seem important for stress adaptation and habitua-
tion to occur, but the elevated levels of 2-AG may also
function to constrain many aspects of stress as blockade of
the CB1 receptor results in an exacerbation of many of the
effects of stress, such as anxiety and anhedonia. As such,
there seems to be a clear ying–yang relationship for AEA and
2-AG, with both molecules ultimately providing a stress-
inhibitory role, but the reduction in AEA signaling being
relevant for the initiation and manifestation of the effects of
stress, while the increase in 2-AG being relevant for
tempering and terminating the stress response. These
phenomena can be visualized in Figure 3. Moving forward,
it will be important to identify the mechanisms by which
these changes in eCB signaling occur, the circuit-specificity
of these effects, and their impact on synaptic transmission.
With the advent of many refined technologies that facilitate
the examination of these questions, such as optogenetics or
the recently described STORM super-resolution of the CB1
receptor (Dudok et al, 2015), we can hopefully begin to
understand the complexity of these phenomena at both a
synaptic level and a circuit level.
Another concept that merits further attention here is the

potential relevance of the collapse of CB1 receptor signaling
following chronic stress. Throughout this review, we have
highlighted these data indicating the importance of eCB
signaling in buffering against the effects of stress, thus it is
not surprising that the impairments in this system that
emerge following chronic stress seem to associate with the
development of adverse responses, such as anxiety and
anhedonia, which are classically linked with the onset of
psychiatric conditions. In the past few decades, the concept
of allostatic load has been championed by Bruce McEwen
(Karatsoreos and McEwen, 2011), whereby it is hypothesized
that the continual wear and tear from stress exposure
results in an increased vulnerability to the adverse effects of
stress. In this context, it is interesting to consider the
possibility that a collapse of the eCB system could be a
contributor to the effects of allostatic load. This is consistent
with the fact that impairments in this system are associated
with a greater vulnerability to stress-induced mental illnesses
and that, in the animal models, augmentation of the eCB
system can ward off the development of many of these
adverse effects of chronic stress that are signs of allostatic
load. Future work, both basic and clinical, should further
investigate whether impairments in the eCB system are a
potential contributor to allostatic load and, more so, if there
are biomarkers in this system that could act as an index of
stress fatigue or a predictive measure for vulnerability to
psychiatric illness.
Based on these data, there has been a significant interest in

therapeutics development around eCB augmenting agents
for stress-related neuropsychiatric disorders (see (Gaetani
et al, 2009; Hill et al, 2009b; Hill and Patel, 2013c;
Neumeister et al, 2015). Results of pending clinical trials
with FAAH inhibitors will reveal therapeutic potential of this

class of drug for stress-related psychiatric disorder, particu-
larly PTSD and possibly major depression. The potential
utility of MAGL inhibitors could be more problematic, as
unlike the fact that chronic elevations in AEA do not seem to
modulate CB1 receptor function (Lichtman et al, 2002),
chronic elevations in 2-AG signaling, through administration
of high doses of MAGL inhibitors, seem to clearly desensitize
the CB1 receptor (Schlosburg et al, 2010). As such, the utility
of these drugs may be more limited, although additional
studies have indicated that lower-dose titrations of MAGL
inhibitors do not result in a desensitization of CB1 receptors
(Kinsey et al, 2013). That being said, the possibility of
alternate routes of interfering with eCB metabolism seems
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interaction between stress and endocannabinoids. Exposure to stress,
both acute and chronic, generally results in a bidirectional regulation of
anandamide (AEA) and 2-arachidonoyl glycerol (2-AG), with AEA being
reduced and 2-AG being increased from stress. Although the behavioral
outputs regulated by AEA and 2-AG in some cases likely overlap, the
decline in AEA signaling seems to mainly contribute not only to
the manifestation of an anxiety state, the activation of the HPA axis, the
suppression of neurogenesis in the hippocampus, and an impairment in
fear extinction but also may have a role in the development of anhedonia
and hyperalgesia. Unlike AEA, the behavioral influences of 2-AG are less
characterized as selective tools for manipulating 2-AG signaling have only
been recently developed. The stress-induced increase in 2-AG is believed
to buffer and constrain the effects of stress on the brain, particularly by
contributing to termination of stress-induced HPA axis activation and
promoting habituation to stress, to possibly contribute to the ability of
acute stress to shift synaptic plasticity, to mediate stress impairing effects
on memory retrieval, and contribute to stress-induced analgesia.
*Interestingly, with respect to memory consolidation, it appears that the
stress/pain associated with the training procedure (ie, footshock
exposure) leads to an increase in limbic AEA levels that, in turn,
contributes to enhance aversive memory consolidation, distinguishing
this effect from the other noted effects that are related to the decline in
AEA signaling typically seen following stress.
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Bei (chronischem) Stress
ECS-KOLLAPS

2-AG-Konzentration bleibt hoch
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Cannabis-als-Medizin-Gesetz
Begleiterhebung

69,3% zur Schmerzbehandlung (3138 von 4527)Schwerpunkt

Abb. 19 Häufigkeit ein-
zelner Hauptdiagnosen
von Schmerzpatienten,
diemit Cannabisarzneimit-
teln behandelt werden (bis
zu 3 Nennungen je Patient
möglich)

Abb. 29 Facharztbezeich-
nungen der Verordnenden
von Cannabisarzneimitteln
in Prozent

Freitext u. a. Antikonvulsiva und Anti-
spastika genannt.

Parallele Verordnungen

Mit Dronabinol behandelte Patienten
wurden in 1394 Fällen (69%) während
der Therapie auch mit anderen Arz-
neimitteln behandelt, 783 (39%) mit

Opioiden. Sativex®-Patienten erhielten
in 365 Fällen (66%) eine Begleittherapie.
Opioide wurden bei 126 (32%) Patienten
angewendet. Der Anteil der Patienten
mit Begleittherapie war bei der Verord-
nung von Cannabisblüten mit 57% (365)
geringer. Auch wurden in dieser Gruppe
seltener Opioide (24%, entsprechend
155 Patienten) gleichzeitig angewendet.

Therapieerfolg

Nach Einschätzung der behandelnden
Ärzte wurden bei 35,5%der 3138 Patien-
ten die Schmerzenunter der Behandlung
mit Cannabisarzneimitteln deutlich, bei
34,2% moderat gebessert. In 28,1% der
FällebliebendieSchmerzenunverändert,
in etwa 2% trat eine Verschlechterung

Der Schmerz

Cremer-Schäffer  P et al., Schmerz 2019;33(5):415-23
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Meta-Analysen zu Cannabinoiden bei chron. Schmerz
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Pain and MS

NO CAN NOT BE 
ASSESSED

Whiting et al. 
2015
Lynch et al. 
2015

Aviram et al. 
2017

Fitzcharles et 
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National 
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Science 2017
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Mücke et al. 
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Andreae et al. 
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Häuser et al. 
2017
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Allen et al. 
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Bis zu 4.271 Patienten
in bis zu 47 RCTs

NNTB
2 bis 24

Karst M et al.; Drugs 2010; Campbell et al., Eur Arch Psych Clin Neurosci 2019; doi 10.1007/s00406-018-0960-9
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Gelenkschmerzen
werden als häufigster Grund

für den Einsatz von
Medizinischem Cannabis

genannt
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Wenn Ergebnisse der RCTs nicht mit der klinischen Erfahrung 
übereinstimmen

Walach H BMC Medical Research Methodology 2006;6(29); Wang et al. Clin Pharmacol Ther 2019;105(5):1156-63; Karst M et al. DOI: 10.3238/arztebl.2018.0143b 

RCTs/Meta-Analysen RCTs mit CBA bei chron. Schmerzen

Individuelle subjektive Messgrößen Schmerzen

Ungeeignete Outcome-Parameter Schmerzintensität (VAS)

Problem der externen Validität Komplexität von Schmerzpatienten

Unterschiedliche Schmerzen,
unterschiedliche CBA
Unterschiedliche Arten der Verabreichung

Problem des Mixed-Pain-Syndroms (nozizeptiv, 
neuropathisch, noziplastisch)
THC, THC-CBD-Extrakte, oral, oromucosal, inhalativ

Kurze Dauer der Studien Run-in für CBA ist langsam
Gepoolte Daten Individueller Verlauf nicht nachvollziehbar

Wichtige Studien ausgeschlossen Z.B. Zajicek et al., Lancet 2003;362:1517-26

Heterogenität hoch I2-Statistik bei < 10 RCTs führt zu systematischen 
Verzerrungen (meist zw. 1 und 7 RCTs) 
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Inhalatives Cannabis bei Nervenschmerzen
Individuelle Patientendaten-Metaanalyse

Andreae MH et al. J Pain 2015;16(12):1221-1232
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Schmerzintensität versus Schmerz-Affekt

Differenz 3,3 DDS Punkte, Effektgröße 0,6
OR 5 (1,1 bis 22, 9)

28 Patienten mit HIV-Neuropathie
Cannabis 1 bis 8%

Ellis et al. Neuropsychopharmacol 2009;34(3):672-80Gracely et al. Pain 1988;35:279-88

NNTB
3,5

27

Schmerzintensität versus Schmerz-Affekt
bei Akutschmerz

DeVita MJ et al., JAMA Psychiatry 2018;75(11):1118-1127

parisons evaluated plant-based cannabis, and 7 assessed
synthetic cannabinoid preparations (dronabinol = 3;
Δ9-THC = 4). Meta-analysis produced an overall Hedges g
of 0.225 (95% CI, 0.015-0.436; P = .04), indicating a signifi-
cant, small- to medium-sized association between cannabi-
noid administration and pain tolerance (eFigure 2 in the
Supplement).52 The mean (SD) quality and validity rating
for this outcome was in the moderate to high range: 10.2
(0.84).

Mechanical Hyperalgesia
Five studies (103 participants) assessed mechanical hyper-
algesia, which provided sufficient data for 9 comparisons. Three
comparisons evaluated plant-based cannabis, and 6 assessed
synthetic cannabinoid preparations (nabilone = 2; THC = 1;
AZD1940 = 2; HU210 = 1). Meta-analysis produced an overall
Hedges g of 0.093 (95% CI, −0.059 to 0.244; P = .23), indicating
no significant difference between placebo-controlled conditions
and cannabinoids in the area of mechanical hyperalgesia (eFig-

Figure 3. Forest Plot of Meta-analysis for Ongoing Pain Unpleasantness
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Figure 2. Forest Plot of Meta-analysis for Ongoing Pain Intensity
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synthetic cannabinoid preparations (dronabinol = 3;
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noid administration and pain tolerance (eFigure 2 in the
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AZD1940 = 2; HU210 = 1). Meta-analysis produced an overall
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no significant difference between placebo-controlled conditions
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Figure 2. Forest Plot of Meta-analysis for Ongoing Pain Intensity
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Cannabinoide für chronische Schmerzen: Eine Praxis-Leitlinie
Busse et al. BMJ 2021;374:n2040

Systematische Übersicht und Metaanalyse aus RCTs zu Fragen 
der Wirksamkeit von CBA

Systematische Übersicht aus klinischen Langzeit-
Studien zu Fragen der Sicherheit von CBA 

Systematische Übersicht und Metaanalyse aus RCTs und 
Beobachtungstudien zu Fragen des Opioid- Einsparpotentials 
von CBA

Systematische Übersicht aus Mixed-Methods-Studien 
zu Antworten von Patienten, die CBA einsetzen

Beteiligung von Patienten

OR 1.2
30% Pain Reduction
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Cannabinoide für chronische Schmerzen: Eine Praxis-Leitlinie
Busse et al. BMJ 2021;374:n2040

Shared Decision
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Cannabinoide für chronische Schmerzen: Eine Praxis-Leitlinie
Busse et al. BMJ 2021;374:n2040

• Wenn Standard-Behandlungen zur Therapie chronischer Schmerzen nicht 
ausreichend wirksam sind, kann ergänzend der Einsatz eines nicht-inhalativen
Cannabinoids erwogen werden.

• Es besteht eine mäßige bis hohe Evidenz dafür, dass unabhängig von der 
Schmerzursache Cannabinoide bei einigen Patienten mit chronischen Schmerzen 
zu einer erheblichen Verbesserung von Schmerz, der physikalischen Funktion und 
der Schlafqualität beitragen können.

• Es besteht eine mäßige bis hohe Evidenz dafür, dass auf der Seite der 
Störwirkungen, zumeist selbstlimitierend und vorübergehend, bei einigen Patienten 
Schwindel, kognitive Beeinträchtigungen, Erbrechen, Schläfrigkeit, 
Aufmerksamkeitsstörungen, Durchfall und Übelkeit auftreten können.

• Es besteht eine mäßige bis hohe Evidenz dafür, dass Menschen, die mit 
chronischen Schmerzen leben, medizinische Cannabisprodukte mit einem 
ausgewogenen Verhältnis von THC zu CBD bevorzugen oder Produkte mit hohem 
CBD-Gehalt. 
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Lavie-Ajayi M et al. Pain Med 
2019;20(11):2086-93

Cannabinoide für chronische Schmerzen

“Es fühlt sich nicht mehr schlimm an. Es zieht einen auch 
nicht mehr so runter. Also man merkt, dass es da ist, aber es 
ist nicht schlimm. Es ... schmerzt nicht in dem Sinne. Man hat 
dann auch nicht mehr so diese Angst sich zu bewegen oder 
so dieses ... diese Schonhaltung, die man ja dann doch schon 
mal einnimmt.“

Pa@en@n der Schmerzambulanz, 34 Jahre, FMS “Restored Self“

32



01.06.22

17

Spastik

Übelkeit/Erbrechen

Epilepsie

Schmerz

Karst et al, InFo Hämatologie
+ Onkologie 2022;25(4)
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Zusammenfassung 
• Das ECS besteht aus Rezeptoren, endogenen Liganden und 

einem Enzymsystem
• Das ECS reguliert eine große Vielzahl überlebenswichtiger 

Funktionen des Organismus
• Cannabinoide wurden in Dtld. für Spastik bei MS, gegen 

Übelkeit bei Krebstherapie und zur Behandlung seltener 
Epilepsieformen zugelassen

• Klinische Daten weisen auf eine individuell unterschiedliche 
Wirksamkeit bei chronischen Schmerzen hin

• Die Kombination aus THC/CBD/Terpene/Flavonoide kann 
wirksamer und verträglicher sein als THC alleine 
(Entourage)

• Weitere Indikationen können erwartet werden (z.B. bei 
metabolischem Syndrom)
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