Assessment on coordinated roles of endocannabinoid system to combat against multidimensional disorders in human body



ABSTRACT 

	Background: The endocannabinoid system represents a highly conserved biological communication network based on lipid mediators across species that contributes significantly to the regulation of physiological balance within the body. It comprises endogenous lipid mediators, mainly anandamide and 2-arachidonoylglycerol, their synthesizing and degrading enzymes, and two primary receptors, cannabinoid receptor type 1 and type 2. Disturbances in endocannabinoid system activity have been associated with numerous pathological conditions, including neurodegenerative diseases, chronic pain, metabolic disturbances, anxiety, and immune-related conditions, highlighting its relevance as a therapeutic target.
Objectives: This review aims to provide an integrated overview of endocannabinoid system organization, receptor signalling mechanisms, and biological functions, while also examining the potential influence of plant-derived bioactive compounds on endocannabinoid system modulation.
Methods: Relevant scientific literature was systematically gathered from major electronic databases, focusing on studies related to endocannabinoid system components, molecular signaling pathways, physiological roles, pathological associations, and phytochemical interactions with endocannabinoid system targets.
Results: The endocannabinoid system plays a central role in regulating neurotransmission, inflammatory responses, immune activity, energy metabolism, and pain modulation through receptor-mediated intracellular pathways. Cannabinoid receptor type 1 is predominantly expressed in neural tissues and is associated with neuromodulation and neuroprotective effects, whereas cannabinoid receptor type 2 is largely distributed in immune cells and contributes to immunoregulatory and anti-inflammatory actions. Various phytoconstituents from medicinal plants have demonstrated the capacity to influence endocannabinoid system activity, suggesting their possible utility in restoring physiological stability under pathological conditions.
Conclusion: Targeting the endocannabinoid system offers promising prospects for managing complex disorders involving neuroimmune and metabolic imbalance. Natural bioactive molecules capable of interacting with endocannabinoid system components may support the development of innovative therapeutic strategies aimed at re-establishing homeostasis in human body under any dysfunction condition.
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1. INTRODUCTION
The endocannabinoid system (ECS) is a biologically active lipid signaling network essential for maintaining internal homeostasis and regulating multiple physiological processes (Di Marzo and De Petrocellis, 2006; Howlett et al., 2004). The ECS is composed of three primary components: endocannabinoids, their metabolic enzymes, and cannabinoid receptors (Howlett et al., 2002; Di Marzo et al., 2007). Endocannabinoids are biosynthesized lipid signaling molecules produced on demand from membrane phospholipid precursors rather than being stored in synaptic vesicles (Di Marzo et al., 2007; Ahn et al., 2008). Among them, anandamide (AEA) and 2-arachidonoylglycerol (2-AG) are the principal endogenous ligands (Devane et al., 1992; Mechoulam et al., 1995; Sugiura et al., 1995). Anandamide is primarily synthesized through a pathway involving N-acylphosphatidylethanolamine-specific phospholipase D (NAPE-PLD) (Okamoto et al., 2007; Egertová et al., 2008), whereas 2-AG is generated from diacylglycerol by the enzyme diacylglycerol lipase (DAGL) (Hashimotodani et al., 2008; Wang and Ueda, 2009). This on-demand production allows the system to respond rapidly to physiological needs and maintain internal balance. Anandamide is mainly degraded by fatty acid amide hydrolase (FAAH), while 2-AG is predominantly hydrolyzed by monoacylglycerol lipase (MAGL) (Mechoulam, 1986; Mechoulam et al., 1995; Sugiura et al., 1995; Gonsiorek et al., 2000).
The effects of the ECS are primarily mediated through two G-protein-coupled receptors, cannabinoid receptor type 1 (CB1) and cannabinoid receptor type 2 (CB2) (Matsuda et al., 1990; Munro et al., 1993; Howlett et al., 2002). CB1 receptors are predominantly localized in the brain and spinal cord, where they regulate synaptic communication (Herkenham, 1995; Mackie, 2008), whereas CB2 receptors are mainly expressed in immune cells and peripheral tissues, where they modulate immune responses (Galiègue et al., 1995; Turcotte et al., 2016). Activation of CB1 receptors couples to Gi/o proteins, resulting in inhibition of adenylyl cyclase, reduced intracellular cyclic adenosine monophosphate (cAMP) levels, and modulation of ion channel activity (Felder et al., 1995; Howlett et al., 2004). These intracellular signaling events suppress neurotransmitter release and influence pain perception, emotional regulation, and neuronal excitability (Chevaleyre et al., 2006; Guindon and Hohmann, 2009; Hill and Tasker, 2012). In contrast, CB2 receptor activation is primarily associated with immune modulation through decreased production of pro-inflammatory cytokines. Collectively, these pathways regulate key physiological processes including nociception, mood, appetite, immune balance, neuroprotection, and metabolic control (Ledent et al., 1999; Zimmer et al., 1999; Lunn et al., 2006; Di Marzo and De Petrocellis, 2006).
Impairments in ECS signaling have been linked to a broad spectrum of disorders, including neurodegenerative diseases, chronic pain syndromes, metabolic dysfunction, obesity, anxiety-related conditions, and immune dysregulation, underscoring its therapeutic potential. Recent investigations further expand the functional landscape of the ECS. Contemporary studies demonstrate its involvement in emotional processing and stress adaptation, highlighting its relevance in mood disorders and resilience mechanisms (de Pontes and Ribeiro, 2025). Emerging evidence also implicates ECS signaling in immune–neural cross-talk and inflammatory regulation across multiple disease states (Șerban et al., 2025). Developmental research indicates that ECS components actively participate in brain maturation from embryogenesis through adolescence, influencing neural circuit formation (Rodrigues et al., 2024). Additionally, age-related variations in endocannabinoid tone and adaptive responses to cannabinoid exposure have been reported, suggesting dynamic regulation across the lifespan (Morris et al., 2026). Translational analyses further support ECS modulation as a promising strategy in substance use disorders and other neuropsychiatric conditions (Costa et al., 2026).
Furthermore, plant-derived cannabinoids (e.g., Δ⁹-tetrahydrocannabinol) and non-cannabinoid phytochemicals (e.g., β-caryophyllene) can modulate ECS signaling, offering potential pharmacological interventions. A deeper understanding of ECS signaling dynamics and its interaction with broader regulatory systems provides a strong foundation for developing novel therapeutic strategies aimed at restoring physiological homeostasis (Saxena and Rauch, 2000; Sköld et al., 2006).
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Fig. 1. Endocannabinoid system

The endocannabinoid system is a well-furnished communication network in the body that contributes significantly to maintaining internal balance, or homeostasis, by influencing a wide range of physiological processes in mammals. It helps to regulate functions such as mood, appetite, pain sensation, immune response, and memory recall (Di Marzo et al., 2007) (Patricelli and Cravatt, 2001) (Basavarajappa, 2007). The system is composed of naturally produced lipid signaling molecules known as endocannabinoids, which function as internal messengers to coordinate communication between different physiological systems. The two principal endocannabinoids, anandamide (AEA) and 2-arachidonoylglycerol (2-AG), are synthesized on demand rather than stored, allowing the body to respond rapidly to changing physiological conditions. Once released, these molecules move in a retrospective manner across synapses to regulate neuronal activity and maintain functional balance (Devane et al., 1988; Matsuda et al., 1990; Munro et al., 1993; Herkenham, 1995). The biological effects of these molecules are mediated through cannabinoid receptors distributed throughout the body. The CB1 receptors are primarily located in the central nervous system and are involved in processes such as pain perception, mood regulation, cognition, and motor control, whereas the CB2 receptors are predominantly expressed in immune cells, where they contribute to modulation of inflammatory and immune responses. Besides receptors, the system includes specialized enzymes responsible for controlling endocannabinoid levels. Enzymes such as N-acylphosphatidylethanolamine-specific phospholipase D (NAPE-PLD) and diacylglycerol lipase (DAGL) are participated in synthesis, while fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase (MAGL) are involved in degradation, ensuring tightly regulated signaling and maintenance of physiological homeostasis (Galiègue et al., 1995) (Howlett et al., 2004) (McKinney and Cravatt, 2005).
2.1 FUNCTIONS
Endocannabinoid system helps to control our emotions, supports the way of body responds to stress, and plays an important role in how pain is sensed and managed. It also contributes to appetite control and energy balance, supports immune system regulation, and influences reproductive functions. Additionally, it offers neuroprotective effects, helping maintain the integrity and resilience of neural networks.
2.2 ETYMOLOGY
2.2.1 Anandamide (AEA): Anandamide (AEA) gets its name from the Sanskrit word ānanda, meaning “bliss” or “joy,” combined with the chemical term “amide.” This name reflects its association with positive mood, emotional balance, and feelings of well-being.. The suffix - amide denotes its chemical classification as an amide compound. Anandamide is an endogenous lipid mediator that functions as a partial agonist of cannabinoid receptors, particularly CB1, and plays a key role in neuromodulation, pain regulation, and homeostatic balance within the endocannabinoid system (Devane et al., 1992).
2.2.2 Endocannabinoids: The term refers to naturally occurring compounds produced within the body that bind to and activate cannabinoid receptors. These molecules known as endocannabinoids, were identified in the mid-1990s following research on receptors targeted by tetrahydrocannabinol (THC). They primarily interact with CB1 and CB2 receptors and function as internal signaling messengers that regulate various physiological processes. Discovered in the mid-1990s after studies on THC, these compounds—like anandamide and 2-AG—play key roles in regulating mood, pain, appetite, and memory. Their identification led to the understanding of the endocannabinoid system, a crucial network involved in maintaining physiological balance and supporting neuroimmune functions (Siegel et al., 1994) (World Health Organization, 2022).
3. BIOSYNTHESIS & DEGRADATION OF AEA AND 2-AG 
3.1. Anandamide (AEA) Pathway Synthesis (On-Demand)
Anandamide (AEA) is synthesized only when required through a coordinated series of enzymatic steps involving membrane phospholipids. The process begins with N-acyltransferase (NAT), which transfers an arachidonoyl group to phosphatidylethanolamine (PE), forming N-arachidonoyl-phosphatidylethanolamine (NAPE). This intermediate is then converted into AEA by the action of NAPE-specific phospholipase D (NAPE-PLD). Besides this main pathway, additional mechanisms involving enzymes such as phospholipase C (PLC), α/β-hydrolase domain-containing 4 (ABHD4), and glycerophosphodiesterase-1 (GDE1) may also contribute to AEA formation (Wang and Ueda, 2009; Egertová et al., 2008; Okamoto et al., 2007; Basavarajappa, 2007; Cocco et al., 2006).
3.2. Degradation
Anandamide undergoes enzymatic breakdown predominantly via fatty acid amide hydrolase, which catalyses its hydrolysis into ethanolamine and arachidonic acid, thereby inactivating its signaling function within the endocannabinoid system (Guindon and Hohmann, 2009) (Hill and Tasker, 2012).
3.3. Anandamide (AEA, N-arachidonoylethanolamine) Primary Roles
The endocannabinoid system is essential for maintaining neural and physiological balance and participates in numerous regulatory functions, including emotional processing, nociception, fertility, and reproductive physiology (Howlett et al., 2004; Mackie, 2008). It also contributes to neuroprotective mechanisms and the regulation of synaptic plasticity (Chevaleyre et al., 2006; Guindon & Hohmann, 2009). By interacting with multiple neurotransmitter systems, this signaling network influences affective states such as mood and anxiety, thereby supporting overall homeostatic stability within the nervous system (Hill & Tasker, 2012). Additionally, it is involved in nociceptive regulation, influencing pain perception at both spinal and supraspinal levels (Guindon & Hohmann, 2009). The system also contributes to reproductive physiology by modulating fertility-related signaling (Howlett et al., 2004). Furthermore, it supports neuroprotection and facilitates synaptic plasticity, which are essential for adaptive neural responses and cognitive resilience (Chevaleyre et al., 2006). 
3.4. Pathway and Mechanism
Anandamide (N-arachidonoylethanolamine) is produced on demand within the postsynaptic neuronal membrane from its precursor, N-acylphosphatidylethanolamine (NAPE), through the action of NAPE-specific phospholipase D (NAPE-PLD) (Okamoto et al., 2007; Egertová et al., 2008). After its formation, anandamide travels retrogradely across the synaptic cleft and primarily interacts with CB1 cannabinoid receptors, which are G-protein-coupled receptors abundantly expressed in the central nervous system (Devane et al., 1992; Matsuda et al., 1990; Mackie, 2008). Activation of CB1 receptors inhibits adenylyl cyclase activity, leading to reduced cyclic adenosine monophosphate (cAMP) levels and decreased protein kinase A (PKA) signaling (Howlett et al., 2004; Felder et al., 1995). These intracellular events promote the closure of voltage-gated calcium channels and the opening of G-protein-activated inwardly rectifying potassium (GIRK) channels, ultimately suppressing the release of neurotransmitters such as glutamate and gamma-aminobutyric acid (GABA) (Mackie, 2008; Chevaleyre et al., 2006). In addition to CB1 receptor activation, anandamide can also stimulate TRPV1 channels, producing excitatory responses including pain sensation (Di Marzo & De Petrocellis, 2006).
3.5. Effects
The endocannabinoid system contributes to the control of several important body functions, such as emotional stability, pain perception, reproductive health, and protection of nerve cells. When CB1 receptors located in brain regions like the amygdala and prefrontal cortex are activated, they can help reduce feelings of anxiety by dampening excessive excitatory signaling between neurons, thereby promoting a more balanced neural response (Hill et al., 2009). Similarly, CB1 receptor activation within the spinal cord and periaqueductal gray inhibits nociceptive signaling pathways, thereby producing analgesic effects. In reproductive physiology, the endocannabinoid anandamide regulates implantation and embryo development through its actions on uterine CB1 and CB2 receptors. Furthermore, the system contributes to neuroprotection by reducing glutamate-induced excitotoxicity via CB1-mediated presynaptic inhibition, thereby supporting neuronal survival and synaptic stability (Chevaleyre et al., 2006) (Guindon and Hohmann, 2009) (Di Marzo and Matias, 2005).
4. 2-ARACHIDONOYLGLYCEROL (2-AG) 
4.1. Synthesis (On-Demand)
Activation of G-protein-coupled receptors (GPCRs) stimulates phospholipase Cβ (PLCβ), which hydrolyzes phosphatidylinositol 4,5-bisphosphate (PIP₂) to produce diacylglycerol (DAG) (Cocco et al., 2006). This intermediate is subsequently converted into 2-arachidonoylglycerol (2-AG) through the action of diacylglycerol lipase (DAGL) (Hashimotodani et al., 2008; Wang & Ueda, 2009). The rapid synthesis of 2-AG allows the endocannabinoid system to respond efficiently to dynamic physiological demands (Ahn et al., 2008).
4.2. Degradation: MAGL (monoacylglycerol lipase)
The catabolism of 2-AG is predominantly mediated by monoacylglycerol lipase (MAGL), which is responsible for approximately 85% of its hydrolytic activity, particularly within neural tissues. Supplementary enzymatic degradation is facilitated by α/β-hydrolase domain-containing proteins ABHD6 and ABHD12, which contribute to localized regulation of 2-AG concentrations. This coordinated enzymatic activity ensures tight control over endocannabinoid signaling and maintains synaptic and immune homeostasis (Ahn et al., 2008)
4.3. 2-Arachidonoylglycerol (2-AG) Primary Roles
The endocannabinoid system regulates synaptic plasticity, including long-term depression, and plays a significant role in stress buffering and fear extinction (Chevaleyre et al., 2006; Hill & Tasker, 2012). It also contributes to analgesic and anti-inflammatory effects (Guindon & Hohmann, 2009; Turcotte et al., 2016), while maintaining energy homeostasis through metabolic and hypothalamic pathways (Di Marzo & Matias, 2005).
4.4. Pathway and Mechanism
When G-protein-coupled receptors, such as metabotropic glutamate receptors, are activated, they stimulate phospholipase C-β to hydrolyze phosphatidylinositol-4,5-bisphosphate, generating diacylglycerol as an intermediate (Cocco et al., 2006). This molecule is subsequently converted into 2-arachidonoylglycerol (2-AG) by diacylglycerol lipase-α and -β at the postsynaptic membrane, enabling localized endocannabinoid signaling (Hashimotodani et al., 2008; Wang & Ueda, 2009). The newly synthesized 2-AG acts as a retrograde messenger, diffusing to presynaptic terminals where it activates cannabinoid CB1 receptors (Matsuda et al., 1990; Mackie, 2008). CB1 receptor activation modulates intracellular signaling pathways, resulting in decreased neurotransmitter release and suppression of both inhibitory gamma-aminobutyric acid–mediated and excitatory glutamatergic synaptic transmission, a phenomenon described as depolarization-induced suppression of inhibition or excitation (Chevaleyre et al., 2006; Howlett et al., 2004). Signal termination primarily occurs via hydrolysis by monoacylglycerol lipase, producing arachidonic acid and glycerol (Dinh et al., 2002; Ahn et al., 2008).
4.5. Effects
Synaptic Plasticity: 2-AG mediates long-term depression (LTD) at excitatory synapses, critical for learning and memory (Chevaleyre et al., 2006).
Stress Response & Fear Extinction: CB1 receptor signaling by 2-AG dampens hypothalamic-pituitary-adrenal (HPA) axis hyperactivity and facilitates fear extinction (Hill & Tasker, 2012).
Pain Relief: Acts on CB1 receptors in nociceptive pathways and CB2 receptors in immune cells to reduce inflammation and neuropathic pain (Guindon & Hohmann, 2009).
Metabolic Regulation: Influences energy balance by acting on hypothalamic CB1 receptors (Di Marzo & Matias, 2005).
5. CB1-TYPE 1 CANNABINOID RECEPTOR:
5.1. Molecular Structure
CB1 is a G-protein-coupled receptor (GPCR) that belongs to the Class A (Rhodopsin- like) family. In humans, it comprises of 472 amino acids. 7 transmembrane α-helices (TM1–TM7) Linked through loops that span the exterior and interior of the cell membrane, known respectively as extracellular (ECLs) and intracellular loops (ICLs) (Hill & Tasker, 2012).
5.2. 3D Structure
Ligand-binding pocket located within transmembrane helices, primarily hydrophobic for lipid-derived ligands. Crystal structure resolved at 2.8 Å resolution using X-ray crystallography (Hua et al., 2017).
5.3. Primary expression sites:
Central Nervous System (CNS): hippocampus, cortex, basal ganglia, cerebellum. Low expression in peripheral tissues: adipose tissue, liver.
5.3.1. Signaling Pathway (Expanded)
Ligand	binding: Anandamide, 2-arachidonoylglycerol (2-AG), or synthetic agonists bind to and activate the CB1 receptor (Devane et al., 1992; Felder et al., 1995).
G-protein coupling: CB1 couples to Gi/o proteins: α-subunit inhibits adenylyl cyclase, reducing cAMP- cyclic adenosine monophosphate, βγ-subunits modulate ion channels (Guindon and Hohmann, 2009).
Downstream effects: Activation of cannabinoid receptors leads to a reduction in intracellular cyclic AMP (cAMP) levels, resulting in decreased protein kinase A (PKA) activity, along with the closure of voltage-gated calcium channels (VGCCs) and the opening of G-protein-activated inwardly rectifying potassium (GIRK) channels, which collectively promote neuronal hyperpolarization and inhibition of neurotransmitter release (Hashimotodani et al., 2008) (Caille et al., 2007).
5.3.2. MAPK- Mitogen-activated protein kinase activation
CB1 stimulates ERK1/2 (extracellular signal-regulated kinases), influencing gene transcription and cell survival (Drysdale et al., 2006) (Lunn et al., 2006).
5.3.3. Other pathways
Cannabinoid receptor activation also engages intracellular signaling pathways such as the phosphoinositide 3-kinase (PI3K)/Akt pathway, contributing to neuronal survival and neuroprotection. In addition, it suppresses the synaptic release of both excitatory and inhibitory neurotransmitters, particularly glutamate and γ-aminobutyric acid (GABA), thereby modulating neuronal excitability and synaptic transmission (Di Marzo and Matias, 2005).
5.4. Physiological Effects
The endocannabinoid system exerts several important physiological effects, including analgesia, mood regulation, appetite control, and neuroprotection. Analgesic effects are primarily mediated through CB1 receptors located in the spinal cord, which suppress nociceptive signaling. Mood regulation involves CB1 receptors in the hippocampus and cortical regions, where they influence emotional processing and stress responses. Activation of hypothalamic CB1 receptors contributes to appetite stimulation and energy balance. Additionally, the system provides neuroprotective effects by inhibiting excitotoxic glutamate release, thereby reducing neuronal damage and supporting synaptic integrity. CB1 receptor activation mediates analgesia via the spinal cord, regulates mood through hippocampal and cortical pathways, stimulates appetite via hypothalamic signaling, and provides neuroprotection by limiting excitotoxic glutamate release (Hua et al., 2017).
6. CB2- CANNABINOID RECEPTOR 
6.1. Type 2 Molecular Structure
CB2 is also a G-protein-coupled receptor, Class A family. Composed of 360 amino acids. Shares 44% sequence similarity with CB1. Expression sites: High in immune cells: B lymphocytes, macrophages, microglia. Found in spleen, tonsils, bone marrow, and PNS -peripheral nervous system (Mackie, 2008).
6.2. Signaling Pathway
Ligand binding to the receptor occurs through endogenous cannabinoids such as anandamide and 2-arachidonoylglycerol, as well as phytocannabinoids like β-caryophyllene, which initiate downstream signaling cascades (Gertsch et al., 2008; Pertwee, 2006). Upon activation, the receptor primarily couples to Gi/o proteins, leading to inhibition of adenylyl cyclase, a subsequent reduction in cyclic AMP (cAMP) levels, and decreased protein kinase A (PKA) activity (Atwood & Mackie, 2010; Howlett et al., 2002). In addition, receptor stimulation activates multiple mitogen-activated protein kinase (MAPK) pathways, including p38 MAPK, extracellular signal-regulated kinase (ERK), and c-Jun N-terminal kinase (JNK), which contribute to cellular regulatory responses (Turcotte et al., 2016; Howlett et al., 2002). These signaling events collectively result in significant immune modulation, characterized by suppression of pro-inflammatory cytokine release such as interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha (TNF-α), along with reduced immune cell migration and activation (Turcotte et al., 2016; Pertwee, 2006; Atwood & Mackie, 2010).
6.3. Physiological Effects
CB2 receptor activation plays an important role in modulating immune responses within the central nervous system. It contributes to anti-inflammatory effects by downregulating the production of pro-inflammatory cytokines, thereby attenuating neuroinflammatory processes (Pertwee, 2006). In microglial cells, CB2 engagement enhances neuroprotection by limiting immune-mediated neuronal damage. Additionally, CB2 signaling is implicated in the modulation of neuropathic pain, acting through immune pathways to reduce nociceptive transmission and promote analgesia (Turcotte et al., 2016.
7. HIGHEST AFFINITY CANNABINOIDS AND THEIR MECHANISMS
Table 1. Cannabinoid receptors (CB1 and CB2) primarily bind Δ9-tetrahydrocannabinol (Δ9-THC) from Cannabis sativa, but other cannabinoids also show high affinity.
	Ligand
	Affinity (Ki)
	Target
	Mechanism of Action

	Δ9-
Tetrahydrocannabinol (THC)
	CB1:	5–80
nM, CB2: 3–
75 nM
	Partial agonist
	Activates Gi/o-protein coupled receptor (GPCR) → inhibits adenylyl cyclase → decreases cyclic adenosine monophosphate (cAMP)
→ opens potassium channels → closes calcium channels → reduces
neurotransmitter release (Chapman et al., 1995) (Felder et al., 1995) 

	Δ8-
Tetrahydrocannabinol (Δ8-THC)
	CB1: ~40 nM
	Partial agonist
	Similar to Δ9-THC but less potent (Huffman et al., 1999) 

	Cannabinol (CBN)
	CB1: 311 nM,
CB2: 126 nM
	Weak
partial agonist
	Mild Gi/o signaling (Rhee et al., 2000)

	Cannabigerol (CBG)
	CB1/CB2:
micromolar
	Weak
agonist
	Modulates endocannabinoid tone (Ahn et al., 2008; McKinney & Cravatt, 2005)

	Tetrahydrocannabivarin (THCV)
	CB1
antagonist at low dose, agonist at high
dose
	Mixed
	Blocks CB1 signaling → anorectic effect (Di Marzo & Matias, 2005; Mackie, 2008)


Phytocannabinoids comprise a chemically diverse group of naturally occurring compounds that modulate the endocannabinoid system (ECS) through distinct receptor affinities and signaling mechanisms (Pertwee, 2008; Di Marzo & De Petrocellis, 2006). Δ⁹-Tetrahydrocannabinol (THC), the principal psychoactive constituent of Cannabis sativa, binds to CB₁ and CB₂ receptors with high nanomolar affinity and functions as a partial agonist (Pertwee, 2008). Activation of Gi/o-coupled signaling pathways by THC inhibits adenylyl cyclase activity, reduces intracellular cyclic adenosine monophosphate (cAMP) levels, and modulates ion channel activity by decreasing calcium influx and enhancing potassium conductance (Howlett et al., 2004; Mackie, 2008).
Enhanced potassium efflux via G-protein–activated inwardly rectifying potassium (GIRK) channels promotes membrane hyperpolarization, which limits calcium entry at presynaptic terminals and consequently diminishes neurotransmitter release (Howlett et al., 2004; Mackie, 2008). Δ⁸-THC, a structural variant of THC, shares similar receptor targets but with diminished potency. Cannabinol (CBN) interacts weakly with cannabinoid receptors and induces limited partial agonist responses, while Cannabigerol (CBG), with micromolar binding affinity, functions as a low-efficacy agonist and primarily modulates ECS tone through indirect mechanisms. Tetrahydrocannabivarin (THCV) displays concentration-dependent activity: antagonizing CB₁ receptors at low doses to reduce appetite, and activating them at higher doses to produce THC- like effects. These varied receptor–ligand dynamics reflect the pharmacological complexity of Phyto cannabinoids and support their potential utility in selectively targeting ECS pathways for therapeutic intervention in neurological, metabolic, and immune-related conditions (Pertwee, 2008).
8. NON-CANNABINOID NATURAL LIGANDS AND MECHANISMS
Table 2. Certain terpenoids and flavonoids from non-cannabis plants can bind to CB1/CB2 or modulate the endocannabinoid system (ECS) indirectly.
	Compound
	Source Plant
	Target & Mechanism

	β-
Caryophyllene
	Black pepper (Piper nigrum),	clove (Syzygium
aromaticum)
	CB2-selective	agonist	→	anti-inflammatory (Gi/o → ↓ cytokines like TNF-α) (Gertsch et al., 2008; Turcotte et al., 2016)

	Apigenin
	Chamomile
(Matricaria chamomilla)
	Enhances fatty acid amide hydrolase (FAAH)
inhibition	→	increases	Anandamide	(N- arachidonoylethanolamine) levels (McKinney & Cravatt, 2005; Ahn et al., 2008)

	Quercetin
	Onion  (Allium  cepa),
tea (Camellia sinensis)
	Modulates endocannabinoid enzymes (FAAH
and monoacylglycerol lipase (MAGL) (Ahn et al., 2008)

	Resveratrol
	Grapes (Vitis vinifera)
	Activates		peroxisome	proliferator-activated receptor	gamma	(PPAR-γ)	→	indirectly
influences ECS (Di Marzo & De Petrocellis, 2006)


Several non-cannabinoid phytochemicals derived from medicinal and dietary plants have been reported to modulate the endocannabinoid system (ECS) through diverse molecular mechanisms. β-Caryophyllene, a sesquiterpene isolated from Piper nigrum (black pepper) and Syzygium aromaticum (clove), functions as a CB₂-selective agonist and exerts anti- inflammatory effects by attenuating pro-inflammatory cytokine release via Gi/o protein– coupled signaling. Apigenin, a flavonoid abundant in Matricaria chamomilla (chamomile), augments the inhibition of fatty acid amide hydrolase, thereby enhancing anandamide bioavailability and prolonging cannabinoid receptor activation. Quercetin, present in Allium cepa (onion) and Camellia sinensis (tea), modulates ECS activity through regulation of FAAH and monoacylglycerol lipase, consequently influencing the catabolism of both AEA and 2-arachidonoylglycerol (2-AG). Resveratrol, a polyphenolic stilbene from Vitis vinifera (grapes), primarily acts via activation of peroxisome proliferator-activated receptor gamma (PPAR-γ), indirectly influencing ECS signaling through cross-talk with nuclear receptor pathways. Collectively, these bioactive compounds highlight the capacity of non- cannabinoid phytochemicals to regulate ECS function, emphasizing their potential therapeutic significance in the context of inflammation, neuroprotection, and metabolic regulation (Bortolato et al., 2007) (Gertsch et al., 2008) (Howlett et al., 2002) (Goparaju et al., 1998) (Dinh et al., 2002).
In the endocannabinoid system, activation of presynaptic CB1 receptors leads to inhibition of voltage-gated calcium channels and enhancement of potassium efflux, causing membrane hyperpolarization and thereby suppressing synaptic neurotransmitter release. Δ⁸-THC, a structural variant of THC, shares similar receptor targets but with diminished potency. Cannabinol (CBN) interacts weakly with cannabinoid receptors and induces limited partial agonist responses, while Cannabigerol (CBG), with micromolar binding affinity, functions as a low-efficacy agonist and primarily modulates ECS tone through indirect mechanisms. Tetrahydrocannabivarin (THCV) displays concentration-dependent activity: antagonizing CB₁ receptors at low doses to reduce appetite, and activating them at higher doses to produce THC- like effects. These varied receptor–ligand dynamics reflect the pharmacological complexity of Phyto cannabinoids and support their potential utility in selectively targeting ECS pathways for therapeutic intervention in neurological, metabolic, and immune-related conditions.
9. INDIAN PLANTS INFLUENCING ECS AND MECHANISMS
Table 3. Several Indian medicinal plants have compounds that interact with the ECS directly or indirectly
	Indian Plant
	Active Compound
	ECS Mechanism

	Black Pepper
(Piper nigrum)
	β-Caryophyllene
	CB2 receptor agonist	→ anti-Inflammatory (Gertsch et al., 2008; Turcotte et al., 2016)

	Holy Basil (Ocimum
sanctum)
	Eugenol
	Inhibits FAAH enzyme → ↑ Anandamide (AEA) (McKinney & Cravatt, 2005; Ahn et al., 2008)

	Clove
(Syzygium aromaticum)
	β-Caryophyllene
	CB2 receptor agonist (Gertsch et al., 2008)

	Turmeric
(Curcuma longa)
	Curcumin
	Modulates endocannabinoid tone via PPAR-γ activation (Di Marzo & De Petrocellis, 2006)

	Tea
(Camellia sinensis)
	Epigallocatechin gallate (EGCG)
	Indirect ECS modulation via antioxidant and enzyme regulation (Di Marzo & De Petrocellis, 2006; Ahn et al., 2008)
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Indian medicinal flora offers a variety of phytochemicals that engage the endocannabinoid system through distinct pathways. Piper nigrum (black pepper) and Syzygium aromaticum (clove) both supply β-caryophyllene, a selective CB₂ receptor agonist with pronounced anti- inflammatory activity. Eugenol from Ocimum sanctum (holy basil) inhibits fatty acid amide hydrolase (FAAH), raising anandamide levels and prolonging cannabinoid receptor signaling. Curcumin, the active constituent of Curcuma longa (turmeric), indirectly adjusts endocannabinoid tone via activation of peroxisome proliferator-activated receptor gamma (PPAR-γ). Likewise, epigallocatechin gallate (EGCG) in Camellia sinensis (tea) modulates ECS function through its antioxidant effects and regulation of metabolic enzymes. Together, these compounds highlight the potential of Indian botanicals to regulate ECS-mediated responses in inflammation, oxidative stress, and metabolic disorders (Orav et al., 2004) (Jayaprakasha et al., 2003) (Mockutė et al., 2001) (Sköld et al., 2006).
CONCLUSION
The endocannabinoid system (ECS) is an evolutionarily conserved, lipid-based signaling network that coordinates neural, immune, and metabolic activities to maintain physiological equilibrium. Composed of endogenous ligands, the enzymes responsible for their synthesis and degradation, and two primary G-protein–coupled receptors CB₁ and CB₂, the ECS fine-tunes processes such as synaptic transmission, pain perception, emotional responses, immune regulation, and energy homeostasis. When this system becomes dysregulated, it contributes to the development of neurological, metabolic, and inflammatory disorders, highlighting its importance as a therapeutic target. In addition to classical phytocannabinoids like Δ⁹- tetrahydrocannabinol, a growing body of research has identified non-cannabinoid, plant- derived compounds—many sourced from traditional Indian medicinal plants—that modulate ECS function via receptor agonism, enzyme inhibition, and cross-talk with nuclear receptors. Gaining deeper mechanistic insight into receptor subtype selectivity, signaling bias, and the interplay between endocannabinoid tone and other cellular networks will be essential for designing both plant-based and synthetic agents that restore homeostatic balance in complex disease settings.
FUTURE PERSPECTIVE
Despite remarkable progress in decoding the endocannabinoid system (ECS), critical gaps persist in receptor subtype specificity, biased signaling, and spatiotemporal regulation of endocannabinoid tone. Integrative structural, systems, and omics-based approaches, alongside exploration of phytochemicals from Indian medicinal plants, offer unprecedented opportunities to uncover novel ECS modulators. Translational and clinical studies bridging mechanistic insights with therapeutic outcomes are poised to enable receptor-specific, precision interventions for neurological, metabolic, and immune disorders. Therefore, the narrative information of endocannabinoid system may be thought and considered while treating any dysfunction in human body.
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