Endogenous opioid system
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- DOR - 0 opioid receptor -MOR - p opioid receptor

- KOR - k opioid receptor -NOR — N/OFQ opioid receptor

Table 1: Opioid receptors location and responses mediated by them

Receptor CNS Location Response on activation

It Brain (laminae ITT and IV of the cortex, thalamus, 1, supraspinal analgesia, physical dependence; n,-Respiratory depression, miosis,
peniqueductal gray), spmnal cord (substantia gelatinosa) euphoria, reduced gastrointestinal motility, physical dependence

K Braim (hypothalamus, peri-aqueductal gray, claustrum), Spinal analgesia, sedation, miosis, inhibition of antidiuretic hormone release
spinal cord (substantia gelatinosa)

0 Bram (pontine nucleus, amygdala, olfactory bulbs, Analgesia, euphorna, physical dependence
deep cortex)

CNS-Central nervous system
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Endorfins

- Alpha, beta, gamma and delta

- hypophysis / hypothalamus and elsewhere

- Strenuous exercise / physical activity, pain, orgasm
- Analgesia and feelings of "well-being,,

- Immune system mobilization?

- Creating emotional connections

- Food intake

- The same effect for pain but different for stress



Enkephalins

- Met-/Leu-

- CNS sites associated with pain perception, behavior, motor
control, and neuroendocrine function

- T cells, macrophages, mast cells
- Excitement, physical activity, sexual activity, fear

HO



Dynorphins n/x

- Aand B

- Periagueductal gray matter, medulla oblongata

- Parts of the spinal cord involved in pain transmission
- Hypothalamus, hippocampus, mesencephalon

- Mechanical and thermal hyperalgesia

H-Tyr-Gly-Gly-Phe-Leu-Arg-Arg-lle-Arg-Pro-Ly s-Leu-Lys-OH



Endomorphins
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- Heterogeneous distribution in the CNS Q ( < 8

- Antinociceptive function We r@ ’i; gt@
- NO-mediated vasodilation Endomorphin Endomorphin
Nociceptin/orphanin FQ NOP

- Hippocampus, cerebral cortex, spinal cord

- It triggers hyperalgesia and allodynia by reversing opioid-induced
analgesia

- Behavior, drug addiction
- Cardiovascular system - hypotension / bradycardia
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a Opioid system physiology
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Hedonic tone
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* Low anxiety
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b Opioid receptors in the disease process
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Physiological functions

- Respiration
- Suppression of respiratory neuron activity - bradypnoea?
- Respiration in stress conditions, protective functions in hypoxia and
hypercapnia
- Cardiovascular functions
- inhibitory
- They reduce HF and BP BUT it depends on the situation!

- Immune functions
- Dual effect depending on a number of factors
- Possible protection against cancer?



Endogenous opioids
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Endocannabinoid system



The Human Endocannabinoid System MEDRELEAF

The endocannabinaid system (ECS) consists of cannabinoid receptors, endocannabinaids and their metabolic enzymes. Two major cannabinoid LR
receptors, (B1 and (B2, and two main endocannabinoids, anandamide (AEA) and 2-arachidonoyl-glycerol {2-AG), have been identified. Human

endocannabinoids and plant cannabinoids, such as THC and (BD, bind to cannabinoid receptors with great specificity, much like a lock and key.

Activation of the cannabinoid receptors inhibits the release of neurotransmitters, The £CS plays a key rolein homeostasis and requlates many

physiological processes such as inflammation and pain perception, immunity, neuropathy and metabolism.

Cannabinoid receptors are widely
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Receptors
*CBRs:CB,.CB,
* TRP=: TRPV : TROV_ TRPV TRPV
TRAA : TRPM,
» Orphan: GPRSS: GPR1 19 GPR1e: GPRY
« EMT

Endocannabinoids
THC, 2-AG; AEA; OEA: PEA

Channels
* Ca** chanreis: L typel; N-type: P/IOtype: Fiype
* Na* channels: Nav1.1; NAVI 2. Nav1 5
* Ko channols: K-ATP, TASK-1; TASKY. TREX-1;
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Enzymes

* Buosynthetic enzymes of AEA:
ANAT: NAPE #LD: ABHD4; PTPNR2: GDEY
* Dogradng enzymes of AEA:
FAAM NAAA
* Brosyrthotic enzymes of 2-AG:
- DAGLe; DAGLY
* Degrading enzymes of 2-AG:
« MAGL: ABMDS; ABD12
* Oidatovn erzymes of 2-AG and 2-AG
£0K-2; LOXs: CYPs




ENDOCANNABINOIDS

cannabis-like cannabinoids manufactured internally by the body

Anandamide 0
]
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2-Arachidonoylglycerol (2-AG)
H,C —OH
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PHYTOCANNABINOIDS

cannabinoids found in cannabis plant and agricultural hemp

Cannabidiol (CBD)

CUREPHARMACEUTICAL.COM
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FIGURE 1. Schematic representation of the main signaling pathways through which (endo)cannabinoids
impact proliferation, apoptosis, migration, and angiogenesis in cancer. Blue arrows indicate pathways initiated
by cannabinoid/vanilloid receptor-mediated mechanisms, and red arrows indicate non-cannabinoid/vanilloid
receptor-mediated mechanisms. Continuous lines indicate stimulation, and dotted lines indicate inhibition. AC,
adenylyl cyclase; CBD, cannabidiol; CBG, cannabigerol; eCBs, endocannabinoids; ER, endoplasmic reticulum;
ASTHC, AStetrahydrocannabinol; PKA, protein kinase A; AKT, protein kinase B; PI3K, phosphatidylinositol
3-kinase; ERK, extracellular regulated kinase; MAPK, mitogen-activated protein kinase; mTOR, mammalian
target of rapamycin; ROS, reactive oxygen species; p27/p21, cyclin-dependent kinase inhibitor proteins.
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Figure 1. Endocannabinoid Signaling at the
Synapse

(A) Retrograde endocannabinoid (eCB) signaling.
eCBs are mobilized from postsynaptic neurons
and target presynaptic cannabinoid type 1
receptors (CB;Rs) to suppress neurotransmitter
release.

(B) Nonretrograde eCB signaling. eCBs produced
in postsynaptic neurons activate postsynaptic
CB;Rs or transient receptor potential vanilloid type
1 (TRPV1) channels.

(C) Neuron-astrocyte eCB signaling. eCBsreleased
from postsynaptic neurons stimulate astrocytic
CB,Rs, thereby triggering gliotransmission. Glu,
glutamate.



4 i i Figure 2. Molecular Mechanisms
A  Short-term B Homosynaptic Heterosynaptic = cindiyiho Endbcatnabiiold Mediiod

Plasticity Excitatory LTD Inhibitory LTD Short- and Long-Term Synaptic Plasticity
(A) Short-term depression. Postsynaptic activity
triggers Ca* influx via voltage-gated Ca®* chan-
nels (VGCCs). Other Ca®* sources, like NMDARs
and internal stores, may contribute. Ca®* pro-
motes diacylglycerol lipase (DGLa)-mediated eCB
production by an unknown mechanism. Presyn-
aptic activity can also lead to eCB mobilization by
activating postsynaptic group | metabotropic
glutamate receptors (I mGluRs). Phospholipase-
CB (PLCB) can now act as a coincidence detector
integrating pre- and postsynaptic activity. DGLa
promotes 2-arachidonoylglycerol (2-AG) release,
which retrogradely targets presynaptic CB4Rs,
and the By subunits probably couple to presyn-
aptic VGCCs to reduce neurotransmitter release.
(B) eCB-mediated excitatory long-term depres-
sion (LTD) and inhibitory LTD (iLTD). Patterned
presynaptic stimulation releases glutamate (Glu),
which activates postsynaptic mGluRs coupled
to PLCB and DGLa. 2-AG homosynaptically
targets CB4Rs localized to excitatory terminals
and heterosynaptically engages CB,Rs at inhibi-
tory terminals. A G,i»-dependent reduction in adenylyl cyclase (AC) and protein kinase A (PKA) activity suppresses transmitter release. At inhibitory synapses,
decreased PKA activity, in conjunction with activation of the Ca®*-sensitive phosphatase calcineurin (CaN), shifts the phosphorylation status of an unidentified
presynaptic target (T) required for iLTD. The active zone protein RIM1a and the vesicle-associated protein Rab3B are also necessary for iLTD. Induction of eCB-
LTD may require presynaptic Ca®* rise through VGCCs, NMDARSs, or internal stores (not shown). Dashed lines indicate putative pathways.




Differentiation

FIGURE 3. Endocannabinoid and phytocannabinoid modulation of bone formation and resorption. Blue
arrows indicate stimulation, and red blunted arrows indicate inhibition. The molecular targets through which
anandamide (AEA) and 2-arachidonoylglyceral (2-AG) seem to modulate osteoblast and osteoclast differentia-
tion and activity are shown. Cannabidiol was suggested to inhibit osteoclast and stimulate osteoblast differen-
tiation by blocking GPRS55.
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Figure1: The cascade model of fibrin formation. This model
divides the coagulation system into separate redundant path-
ways (extrinsic and intrinsic) either of which can result in gen-
eration of FXa. The common pathway results in generation of
thrombin and subsequent cleavage of fibrinogen to fibrin. Many
of the enzymes and enzymatic complexes require calcium
(Ca®>™) and binding to active membrane surfaces (PL) for full
activity. See Table 1 for abbreviations. For simplicity, feedback
activation of procofactors to cofactors and the many inhibitors
of the various enzymes have been omitted.
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