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Abstract 

Autism spectrum conditions have been associated with alterations in synaptic transmission and 

excitatory–inhibitory balance across distributed neural circuits. Converging evidence from genetic, 

electrophysiological, and animal models suggests that dysregulated activity-dependent synaptic 

plasticity—particularly altered long-term potentiation or long-term depression within hippocampal-

cortical, cortico-striatal, and cerebellar networks—may contribute to reduced cognitive flexibility, 

repetitive behaviors, and difficulties in social and communicative adaptation. From this perspective, 

core behavioral features of autism may reflect circuit-level persistence of previously-formed neural 

patterns and altered updating of new information, rather than global neural dysfunction. Here we 

propose that modulating activity-dependent plasticity and excitatory–inhibitory dynamics may 

represent a plausible strategy for supporting cognitive flexibility in autism. Cannabinoids and 

terpenes derived from Cannabis sativa interact with multiple neural signaling systems—including 

CB1 receptors, GPR55, TRP channels, voltage-gated ion channels, serotonergic pathways, and 

endocannabinoid metabolism—that are known to influence synaptic transmission and plasticity. By 

engaging these convergent mechanisms, interactions among multiple botanical compounds may 

influence circuit-level excitability and synaptic plasticity processes implicated in autism. We consider 

multi-target phytocompound interactions with neural signaling pathways implicated in autism, 

particularly those regulating synaptic plasticity and excitatory–inhibitory balance. Within this 

framework, cannabinoid–terpene interactions may influence circuit-level dynamics underlying 

cognitive flexibility. 
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Background 

Individuals on the autism spectrum often experience repetitive behaviors and challenges with 

communication and social interaction, frequently accompanied by sleep disturbances, seizures, and 

anxiety [1]. Many on the spectrum also experience aggression, violent outbursts, and self-injurious 

behaviors [2]. There are currently no U.S. Food and Drug Administration (FDA)-approved 

medications for many of the core symptoms of autism, leaving patients with few effective treatment 

options. Drugs like Risperidone and Aripiprazole may be effective for irritability and aggression [3], 

but these synthetic drugs can come with serious metabolic and movement-related side-effects [4,5] - 

while behavioral therapies also have limited success [6], perhaps because they cannot adequately 

address the underlying changes in neurobiology and brain chemistry that may lead to autism 

symptoms. Since many children and adults do not respond well to standard behavioral and medical 

treatments, parents and patients are seeking help through non-traditional methods, such as medicinal 

cannabis [7]. Cannabinoids derived from Cannabis sativa have been reported in some clinical and 

observational studies to improve certain core and associated symptoms of autism [8–16]. A study 

looking at sixty children with autism reported that whole-plant extracts containing the two major 
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cannabinoids—cannabidiol (CBD) and Δ9-THC (in a 20:1 ratio)—caused significant improvements in 

behavior, anxiety, and communication problems [11]. An even larger study, with 188 children with 

autism, observed significant improvements in a majority of patients while they were using cannabis 

oil containing CBD and Δ9-THC [12]. Several studies showed CBD was beneficial for seizures, 

attention-deficit/hyperactivity disorder, sleep disorders, communication, and social interaction in 

children with autism [13,14]. There were also significant improvements in self-injury, aggression, and 

rage attacks [15,16]. Importantly, these studies observed cannabis-based treatments were generally 

associated with mild and infrequent side effects like restlessness, sleepiness, and dry mouth. Recent 

peer-reviewed clinical trials further support the therapeutic potential of cannabinoid-based 

interventions in autism. In a randomized, double-blind, placebo-controlled trial, a CBD-rich cannabis 

extract improved social interaction, anxiety, and psychomotor agitation in children with autism while 

producing few serious adverse effects [10]. 

The safety and efficacy of cannabinoid-based therapeutics are highlighted by several FDA-

approved drugs, including Epidiolex for seizures [17]. Epidiolex consists of purified CBD, which is 

safe and well tolerated even at relatively high doses [18]. However, purified CBD reflects only a single 

component of a chemically complex plant; more than 100 phytocannabinoids have been identified in 

Cannabis sativa, alongside hundreds of terpenes and other secondary metabolites that are being 

investigated for their biological activity and influence on neural signaling [19,20]. Numerous 

scientific sources suggest that full-spectrum extracts containing multiple cannabinoids and terpenes 

may produce effects that differ from those of purified CBD alone[21–25]. Raphael Mechoulam, widely 

regarded as the ‘father of cannabinoid research,’ was among the first to suggest that interactions 

among endogenous and plant-derived cannabinoids may give rise to effects beyond those of isolated 

compounds [26]. While Mechoulam was elucidating the structures of CBD and THC for the first time 

and isolating both THC and the endocannabinoid anandamide, he postulated that multiple 

cannabinoids and terpenes could enhance endogenous endocannabinoid signaling [27]. A mixture of 

botanical compounds could also target a diverse array of ion channels and G-proteins in the brain 

[24–28]. Together, these mechanisms suggest that combinations of cannabinoids and terpenes may 

produce biological effects greater than the sum of their parts—a concept commonly referred to as the 

“entourage effect”. We consider a set of 12 bioactive cannabinoids and terpenes as a theoretical multi-

compound system that may leverage synergetic interactions among phytocompounds, which 

emerging research suggests could support neural function. Since it is largely unknown how 

combinations of cannabinoids and terpenes may influence autism-related neural dysfunction, we 

propose a mechanistic framework through which such interactions could modulate neural pathways 

relevant to autism. 

Neurobiological Basis of Phytocompound Modulation in Autism 

Part 1: Potential Role of Aberrant Synaptic Plasticity 

Every time we learn something new, thousands of neurons in our brain subtly, yet intricately, 

change the shape of their dendrites or axon terminals, adjusting the strength of electrochemical 

signals that flow between connected neurons [29]. This process is called synaptic plasticity and it is 

thought to be the main mechanism responsible for memory formation and learning [29] - especially 

when it happens in the hippocampus and downstream cortical areas. Synaptic plasticity in the 

hippocampus is thought to be essential for learning social skills [30], language [31], and the flexible 

processing of linguistic information [32], while plasticity within motor circuits—including the cortex, 

cerebellum, and basal ganglia—is critical for the acquisition of rhythmic and sequential motor 

movements [33,34]. Disruptions in these forms of neural plasticity may therefore contribute to several 

cognitive and behavioral characteristics associated with autism. 

Several studies suggest autism could involve alterations in synaptic transmission between 

connected neurons in the brain and the synaptic plasticity between them [35–47]. Long-term 

potentiation (LTP) is a major form of synaptic plasticity and can be described as a persistent increase 
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in the strength of connections between specific groups of communicating neurons [29]. Multiple 

electrophysiological studies in animal models associated with autism-linked genes and 

environmental models of autism show enhanced LTP in hippocampal [48–52] and cortical circuits 

[53], as well as hyper-plasticity in cerebellar circuits [54], consistent with the idea that overactive 

excitatory synaptic strengthening is involved with autism. Human neurophysiology studies using 

non-invasive LTP-like paradigms also find differences in plasticity responses in individuals on the 

spectrum of autism [55]. 

If long-term potentiation (LTP) is overactive during adolescent learning, neural connections 

involved in memory formation, language acquisition, social learning, and rhythm may become over-

strengthened. Rather than remaining dynamically adaptable, neural networks may become biased 

toward reinforcing neural connections that were strengthened during and after exposure to novel 

environments, salient stimuli, new individuals, or early social experiences. In this scenario, neural 

engrams—ensembles of neurons whose coordinated activity represents a memory—may be 

reactivated with increased persistence, reducing the network’s capacity to flexibly update or integrate 

new information. 

If such dysregulated synaptic plasticity occurs within the hippocampus and interconnected 

cortical regions, it could impair the encoding of new memories and the adaptive modification of 

existing ones, thereby interfering with language development, semantic associations, 

communication, and social learning. Behavioral manifestations may reflect excessive stabilization of 

previously-formed neural patterns, leading to repetitive recall dynamics, reduced cognitive 

flexibility, and context-inappropriate responses. Similarly, if over-strengthening occurs within 

motor-related circuits of the basal ganglia or cerebellum, the stabilization of early motor programs 

may bias these networks toward persistent, rhythmic, or repetitive movements. In this framework, 

core features of autism could arise from activity-dependent over-consolidation of specific circuit 

representations rather than from global neural dysfunction. 

Alterations to long-term depression (LTD) are also implicated in autism and may further disrupt 

the balance of synaptic strengthening and weakening required for adaptive learning. 

Electrophysiological studies in autism-linked models have demonstrated impaired 

endocannabinoid-mediated LTD (eCB-LTD) within cortico-striatal circuits of the basal ganglia, a 

form of synaptic weakening that normally constrains action selection and habit formation [56]. 

Interestingly, the authors noted that enhanced excitatory synaptic transmission was associated with 

increased motor learning, supporting the idea that dysregulated plasticity within basal ganglia circuits 

may bias neural networks toward over-stabilization of previously performed action patterns, thereby 

reinforcing repetitive behaviors at the expense of cognitive flexibility. In another mouse model of 

autism, corticostriatal synapses showed impaired eCB-LTD, and stimulation protocols that normally 

induced LTD instead produced potentiation-like responses, indicating a shift in activity-dependent 

plasticity rules [57]. Because cortico–striatal–pallidal circuits govern action selection by facilitating 

desired motor programs while suppressing competing alternatives [58], impaired corticostriatal LTD 

may reduce the adaptive weakening of previously reinforced cortical inputs. This shift in plasticity 

balance could bias basal ganglia networks toward persistence of established action patterns, 

contributing to repetitive behaviors and reduced behavioral flexibility. In parallel, hippocampal 

studies in Fragile X mouse models have revealed exaggerated metabotropic glutamate receptor 

(mGluR)-dependent LTD, indicating that activity-dependent synaptic weakening can also become 

excessive in autism-associated conditions [38]. Together, these findings suggest that autism-related 

phenotypes may emerge not from uniformly increased or decreased plasticity, but from disrupted 

coordination of long-term potentiation and long-term depression processes across distributed 

hippocampal–cortical and cortico-striatal networks. 

Adaptive learning requires that initial behavioral templates—such as those supporting language 

acquisition, rhythmic movement, and early social interaction—remain modifiable as new experiences 

accumulate. Neurotypical individuals encode these early foundations as flexible frameworks that can 

be elaborated and reorganized across development. In autism, however, early representations may 
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become excessively stabilized through dysregulated plasticity, limiting the incorporation of new 

experiences over time. One might imagine this as spending a lifetime reinforcing the first few levels 

of a would-be skyscraper rather than allowing additional levels to be built upon it. In this skyscraper 

analogy, the upper floors represent increasingly complex behaviors—such as nuanced 

communication, adaptive social interaction, and coordinated motor output—that may be difficult to 

attain when early neural patterns are disproportionately consolidated (such that the structure stalls 

before reaching greater height). 

Neurons in the brains of individuals with autism have been reported to exhibit altered synaptic 

architecture, consistent with over-strengthened incoming excitatory inputs [36,37]. A single neuron 

can receive hundreds of thousands of inputs from other neurons. These inputs terminate on receiving 

structures called dendrites. Dendritic spine growth is highly correlated with synaptic plasticity [59] 

and represents one mechanism by which neurons can ‘change their shape’ during learning. Dendritic 

spines have been found at higher density on neurons in those with autism compared to neurotypical 

controls [36,37]. Because dendritic spines are structural correlates of excitatory synapses and are 

closely linked to synaptic plasticity, elevated spine density may reflect alterations in synaptic 

strengthening, pruning, or maturation [60]. If early synaptic connections are strengthened or 

maintained beyond their adaptive window, ensembles encoding initial experiences—such as early 

social encounters, motor routines, or salient and novel environmental stimuli—may become 

disproportionately reinforced. Dopaminergic signaling, which is engaged by novelty [61,62] and 

facilitates long-term synaptic plasticity in regions such as the hippocampus [63–65], could further 

bias consolidation of early experiences. Dopamine dysregulation has also been implicated in autism 

[66] and in perseverative behavior [67,68], linking neuromodulatory imbalance to reduced cognitive 

flexibility. Within this framework, excessive stabilization of early activity patterns may limit the 

flexible updating of neural networks required for learning and adaptation. 

Synaptic plasticity deficits and critical period abnormalities have been observed in mouse 

models of Fragile X syndrome [38,39], Rett syndrome [40,41], and tuberous sclerosis [42,43], all of 

which are thought to give rise to autism. Defective synapse maturation and enhanced synaptic 

plasticity have also been observed in other models of autism such as Shank2 knockout mice [44]. In 

a mouse model of autism/Angelman syndrome researchers found a deficit in synaptic plasticity 

associated with critical period remodeling of cortical visual circuits [35]. In vitro analysis revealed 

that cortical synapses were immature and unable to incorporate changes in new sensory experience. Taken 

together, such findings are consistent with the possibility that neural activity established during 

previous learning may be excessively stabilized across development, restricting the flexible 

reorganization of circuits in response to subsequent input. 

Autism-related neural phenotypes may also reflect an impaired capacity to extinguish or 

remodel previously reinforced behavioral patterns. Adaptive development requires not only the 

strengthening of relevant synapses, but also the weakening or refinement of earlier-established 

representations so that more complex and context-appropriate behaviors can emerge. When this 

balance is disrupted, networks may become biased toward persistence of previously learned action 

patterns, limiting cognitive flexibility and the incorporation of new experiences. Some of this over-

stabilization may occur during sleep-dependent consolidation processes, such as hippocampal sharp-

wave ripple replay events, which normally strengthen recently acquired memories [69]. If activity-

dependent consolidation is excessive or poorly constrained, early-life or novelty-associated neural 

representations could become disproportionately reinforced, potentially restricting the flexible 

updating of neural networks as environments become familiar. These mechanisms are consistent 

with numerous studies which link critical period dysfunction and altered synaptic plasticity to 

autism [38–47]. 

Emerging evidence suggests that dysregulated activity-dependent plasticity and altered 

excitatory–inhibitory dynamics may represent central circuit-level mechanisms contributing to 

reduced cognitive flexibility and behavioral persistence in autism. If maladaptive stabilization of 
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synaptic connections underlies aspects of the phenotype, then biological systems capable of 

modulating synaptic transmission and plasticity warrant careful mechanistic consideration. 

Cannabinoids and terpenes derived from Cannabis sativa interact with multiple neural signaling 

pathways known to influence excitability, synaptic strength, and network balance. The following 

section examines how these phytocompounds may influence synaptic transmission and plasticity 

mechanisms implicated in autism. 

Part 2: Cannabinoid–Terpene Interactions with Plasticity and Excitatory-Inhibitory Systems 

If dysregulated synaptic plasticity contributes to circuit-level rigidity in autism, then exogenous 

compounds capable of modulating the properties of ion channels and G-proteins that influence 

synaptic transmission and plasticity represent promising targets for mechanistic investigation. 

Phytocannabinoids are known to interact with multiple such targets—including type-1 cannabinoid 

receptors (CB1Rs), G-protein-coupled receptor 55 (GPR55), transient receptor potential (TRP) 

channels, voltage-gated ion channels, and endocannabinoid metabolism—each of which may 

modulate neuronal excitability and plasticity. For example, a major mechanism of action of 

cannabidiol (CBD) is thought to be the interference of LPI-GPR55 signaling in the hippocampus 

[70,71]. LPI, or lysophosphatidylinositol, is a lipid signaling molecule that activates the G-protein 

coupled receptor, GPR55. LPI-GPR55 signaling induces calcium influx and presynaptic excitatory 

neurotransmitter release from pyramidal neurons in the hippocampus [70], neurons which can 

initiate and undergo many forms of synaptic plasticity (along with their post-synaptic partners) 

[72,73]. By blocking LPI–GPR55 signaling, CBD could reduce glutamate release and limit its binding 

to receptor subtypes that initiate long-term plasticity, including AMPA, NMDA, and extra-synaptic 

mGluR receptors [74,75]. This could disrupt both pre- and post-synaptic plasticity, thereby 

modulating hyperexcitability and synaptic dynamics implicated in autism. In this way, CBD may 

reduce the persistence of overactive plasticity states, potentially mitigating excessively strengthened 

patterns of neural activity, memory, and behavior. Since GPR55 is expressed in neurons across 

multiple brain regions—including the hippocampus, cortex, basal ganglia, and cerebellum [76,77]—

it may be strategically positioned to influence overactive excitatory synaptic plasticity linked to 

neurodevelopmental conditions. 

Autism is also thought to be the result of an imbalance in excitatory and inhibitory neural 

signaling in the brain [78]. This model is in line with autism being brought about by overactive 

synaptic plasticity, since overactive synaptic plasticity of excitatory connections or disrupted 

plasticity of inhibitory connections could increase the ratio of excitation to inhibition and lead to 

hyper-excitable neural circuits (Figure 1). CBD could potentially contribute to modulation of 

excitatory–inhibitory balance by interfering with LPI-GPR55 signaling, or by interacting with several 

other G-proteins and ion channels (Figure 2). CBD can inhibit transient receptor potential (TRP) 

channels by stimulating and then desensitizing them [79–81], which may help put a brake on 

excitotoxic calcium entry into neurons, excitatory depolarization, and TRP-mediated synaptic 

plasticity. CBD also functions as an agonist of 5HT1A serotonin receptors [82], which can evoke 

inhibitory actions in neurons via its G-protein signaling cascades. CBD can further act as an agonist 

of glycine receptors [83], which mediate fast inhibitory synaptic transmission between neurons. 

Through these mechanisms CBD may contribute to the regulation of neuronal excitability and 

synaptic activity. CBD is an antagonist of TRPM8 receptors [84] and inhibits voltage-gated Ca[2]+ 

channels [85] and voltage-gated Na+ channels [86]. The inhibitory action of CBD on depolarizing ion 

channels could potentially protect against excitotoxicity and excessive glutamate release from 

synaptic terminals. CBD’s ability to reduce neuronal excitability by enhancing K+ channel currents 

may also contribute to its ability to promote neural balance [87]. CBD has been reported to enhance 

oxytocin and vasopressin release, which could theoretically aid in healthy social interactions [88]. By 

inhibiting both the uptake of the endocannabinoid anandamide and the enzyme that breaks it down 

(fatty acid amide hydrolase), CBD can increase extracellular anandamide levels (as Mechoulam 

previously suggested) [80,89,90]. Since endocannabinoids like anandamide can bind CB1Rs and 
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dampen excitatory activity, this could also help restore excitatory–inhibitory balance in the brain. 

Because the LPI–GPR55 signaling pathway can also function to reduce expression of a major 

inhibitory receptor, the ionotropic GABAA receptor, and weaken inhibitory synaptic transmission 

[71], CBD’s interference with this pathway could also help preserve inhibitory tone within 

hyperexcitable hippocampal circuits. For these reasons, higher relative concentrations of CBD may 

be required to effectively engage these pathways. 

Δ9-THC represents another key phytocannabinoid within this framework. As an agonist of type-

1 cannabinoid receptors (CB1Rs)—the most abundantly expressed G-protein–coupled receptors in 

the brain [91]—Δ9-THC is well positioned to modulate synaptic transmission and activity-dependent 

plasticity [92]. Both endogenous cannabinoids (like anandamide) and exogenous cannabinoids (like 

THC) could protect the brain against hyperexcitability, by dampening excitatory neural transmission 

and plasticity via CB1Rs [92,93]. For example, when THC or the endocannabinoid 2-arachadonyl-

glycerol (2-AG) bind to CB1Rs on excitatory neurons in the hippocampus, those neurons will 

decrease the amount of glutamate they release. Postsynaptic AMPA and NMDA receptor-mediated 

strengthening of synapses may be reduced via decreased glutamate release, further disrupting 

overactive excitatory synaptic plasticity associated with autism. Given CB1Rs are expressed by 

excitatory neurons throughout the hippocampus [94] (such as by excitatory pyramidal cells and 

mossy cells which undergo robust forms of long-term potentiation [95]) they may be well-positioned 

to curb the overactive synaptic plasticity associated with generating over-persistent patterns of neural 

activity. CB1Rs are also highly expressed throughout the cortex, basal ganglia, and cerebellum, where 

they may similarly have the potential to protect against over-excitation. Δ9-THC can also transiently 

activate and desensitize TRPA1, TRPV1, and TRPV2 [79,96,97]. By desensitizing TRP channels, Δ9-

THC could potentially protect against neuronal hyperexcitability and calcium-mediated 

neurotoxicity. Δ9-THC also has potent anti-inflammatory and antioxidant properties and is 

neuroprotective against toxicity in multiple biological models [70,98–105]. Given the central role of 

CB1 receptor signaling in regulating excitatory neurotransmission, Δ9-THC may represent an 

important contributor to modulation of excitatory–inhibitory balance. 

Cannabidivarin (CBDV) represents another prominent phytocannabinoid within this 

framework. Studies in animal models of autism suggest that this cannabinoid may show beneficial 

effects towards neurological and motor impairments as well as cognitive deficits [106–108]. There is 

also evidence from rodent models of autism—including prenatal valproic acid (VPA) exposure 

models—that CBDV administration can reduce repetitive behaviors, improve social interaction 

deficits, attenuate hyperactivity, and normalize alterations in synaptic plasticity and excitatory–

inhibitory balance [108–110]. In some studies, CBDV has also been reported to ameliorate deficits in 

cognitive flexibility and reduce seizure susceptibility in models characterized by network 

hyperexcitability [109,110] suggesting a potential role in modulating circuit-level dysfunction 

associated with autism-like phenotypes. Preliminary, unpublished clinical investigations are 

evaluating CBDV in individuals with autism, and early findings are promising, with the lead 

researcher on the study noting decreases in irritability symptoms, temper tantrums, explosive 

episodes, as well as improvements in repetitive behaviors [111]. Some of these positive effects may 

be tied to CBDV’s ability to modulate excitation–inhibition dynamics in the human brain. In a single-

dose, placebo-controlled magnetic resonance spectroscopy study in adults with and without autism, 

CBDV altered glutamate and GABA signaling in key cortical regions implicated in autism, including 

areas involved in social cognition and sensory processing [112]. Notably, CBDV shifted 

neurochemical markers of excitatory–inhibitory balance toward normalization in individuals with 

autism, supporting the hypothesis that this cannabinoid may influence neural systems relevant to 

synaptic plasticity and circuit-level regulation [112]. Studies in humans with epilepsy suggest CBDV 

is safe, therapeutic, and well-tolerated [113], supporting its potential suitability for further 

investigation in neurodevelopmental conditions such as autism. 

Another phytocannabinoid of interest is the neuroprotective cannabinoid cannabigerol (CBG), 

which may complement the effects of other compounds by interacting with multiple 
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neurotransmitter systems, ion channels, receptors, and signaling pathways [114]. CBG has been 

shown to inhibit voltage-gated sodium channels in central neurons, a mechanism capable of reducing 

neuronal excitability and modulating synaptic signaling within neural circuits [115]. CBG also 

modulates several transient receptor potential (TRP) ion channels involved in calcium signaling and 

neuronal excitability, as well as GPCR targets including α2-adrenergic and serotonergic receptors 

that regulate neurotransmission and synaptic activity [116,117]. Experimental studies further indicate 

that CBG can protect neurons against oxidative stress and neuroinflammatory damage, with evidence 

from animal models demonstrating reduced inflammatory signaling and improved neuronal 

survival in neurodegenerative disease models [118,119]. Through these interactions, CBG may 

influence excitatory–inhibitory signaling balance and exert antioxidant and neuroprotective effects 

in neural tissue, potentially complementing the actions of other cannabinoids and terpenes. 

Cannabinol (CBN) is also relevant, due to its reported neuroprotective properties in models of 

seizures and epilepsy [120,121]. In addition to its anticonvulsant activity, CBN has been reported to 

interact with CB1 and CB2 receptors [122] and to reduce neural excitability via the modulation of 

voltage-gated Na+ channels, interactions that could contribute to the stabilization of neuronal 

network activity and suppression of hyperexcitability [123]. CBN has also been reported to exert anti-

inflammatory effects by modulating cytokine signaling and immune cell activity, mechanisms that 

may contribute to neuroprotection and stabilization of neural circuits under conditions of 

inflammatory stress [124]. Through these combined receptor-mediated and anti-inflammatory 

actions, CBN may help protect neural tissue from excitotoxic damage. Cannabichromene (CBC) is 

reported to exhibit anti-inflammatory, analgesic, and antidepressant properties, and may also 

enhance endogenous endocannabinoid signaling [125,126]. CBC has also been shown to activate 

transient receptor potential (TRP) ion channels such as TRPA1 and TRPV1, molecular targets that 

regulate calcium signaling, nociception, and neuronal excitability, suggesting that CBC may 

contribute to modulation of neural signaling pathways involved in inflammation and sensory 

processing [127]. 

Cannabinoids exert their biological effects through a broad and convergent network of 

molecular targets that collectively regulate synaptic transmission, neuronal excitability, and activity-

dependent plasticity (Figure 2). Across diverse receptor systems—including CB1 receptors, GPR55, 

transient receptor potential (TRP) channels, voltage-gated ion channels, and serotonergic and 

glycinergic pathways—phytocannabinoids have been shown to modulate both excitatory and 

inhibitory signaling in a manner that tends to stabilize network activity. In the context of autism, 

where dysregulated synaptic plasticity and altered excitatory–inhibitory dynamics may contribute to 

reduced cognitive flexibility and persistence of previously reinforced neural representations, these 

effects are particularly relevant. Rather than acting through a single dominant mechanism, different 

cannabinoids appear to engage complementary pathways that converge on shared circuit-level 

processes, including the regulation of glutamate and GABA signaling, calcium dynamics, and 

endocannabinoid signaling tone. Multi-compound cannabinoid formulations may therefore provide 

a means of simultaneously targeting multiple nodes within these systems, increasing the likelihood 

of restoring balanced synaptic plasticity and enabling more adaptive updating of neural circuits. 

Through this multi-target modulation, cannabinoid combinations may help shift neural networks 

away from rigid, over-stabilized activity patterns toward a more flexible and dynamically regulated 

state. 

Building on these cannabinoid effects, additional plant-derived terpenes may further extend this 

framework by engaging complementary molecular pathways that influence neural excitability and 

synaptic plasticity. Linalool has been associated with neuroprotective, antidepressant, and anxiolytic 

properties [128–130], while caryophyllene and pinene have been reported to exhibit anticonvulsant, 

anti-inflammatory, and neuroprotective effects [131,132]. Limonene [133,134] and myrcene [135] have 

also been shown to possess antioxidant, anti-inflammatory, and anticancer activity, while pinene 

demonstrates acetylcholinesterase-inhibitory activity that may support cholinergic signaling, 

memory formation, and cognitive flexibility [136,137]. Experimental studies suggest that 
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monoterpenes such as linalool, limonene, pinene, and myrcene can influence voltage-gated ion 

channels and ligand-gated receptors, including GABAergic and glutamatergic systems, mechanisms 

that may help stabilize excitatory–inhibitory balance in neural circuits [138]. 

More specifically, linalool has been reported to inhibit glutamatergic transmission in models of 

glutamate-mediated excitability, with effects consistent with modulation of NMDA receptor–

dependent signaling [139] and can also inhibit voltage-gated calcium channels [140], both of which 

could reduce excitatory drive and calcium-dependent synaptic strengthening. Given that NMDA 

receptor activation initiates several forms of long-term potentiation [29], linalool may help protect 

against excessive synaptic strengthening by reducing NMDA receptor activity. β-Caryophyllene 

contributes anti-inflammatory and neuroprotective effects and has demonstrated the ability to 

modulate neural circuit stability in preclinical models, including reductions in pathological 

hyperexcitability and attenuation of blood–brain barrier disruption under conditions of excessive 

network activity [131,141]. As a selective agonist of CB2 receptors [142], β-caryophyllene engages 

Gi/o-coupled signaling pathways that regulate neuroimmune interactions and inflammatory tone 

within the central nervous system. Through these mechanisms, β-caryophyllene may influence 

synaptic transmission indirectly by reducing inflammation-driven alterations in excitatory and 

inhibitory signaling, thereby supporting the restoration of balanced network activity and more 

adaptive regulation of circuit dynamics. 

α-Pinene potentiates GABAA responses through direct binding [143], and both α-pinene and β-

pinene can modestly increase inhibitory currents [144]. Together, these effects may strengthen 

inhibition in circuits prone to runaway excitatory activity. Pinene’s ability to inhibit 

acetylcholinesterase activity [145] could further contribute to restoring circuit balance in a context-

dependent manner by enhancing cholinergic tone, which can preferentially recruit inhibitory 

interneurons [145], shift glutamate/GABA balance toward inhibition [146], and promote 

desynchronization of hypersynchronous network activity [147]. 

Collectively, these convergent actions on ion channels, GPCRs, and neurotransmitter systems 

suggest that terpene components may reinforce cannabinoid-mediated regulation of excitatory–

inhibitory balance and synaptic plasticity. Within the context of autism, where dysregulated plasticity 

and excessive stabilization of neural representations may underlie reduced cognitive flexibility, such 

multi-target modulation may help rebalance circuit dynamics and support more adaptive updating 

of neural activity patterns. 

Since theories on autism suggest it can result from excessive inflammation during development 

[148], it is worth noting that inflammation-mediated pathways (like those initiated by cytokines) can 

also cause disrupted and excessive neuroplasticity and synaptic strengthening [149–152], which may 

further function to hyper-encode early life memories in those with autism. Since cannabinoids and 

terpenes possess anti-inflammatory, antioxidant, and neuroprotective properties [89–105], they may 

influence neural balance in autism through modulation of neural and inflammatory pathways. Post-

traumatic stress disorder (PTSD) may also involve overactive synaptic plasticity (that hyper-encodes 

traumatic context in memories [153–156]) and emerging evidence suggests that abnormalities in 

plasticity–particularly within cortico-striatal circuits–may contribute to tic generation in Tourette 

syndrome [157,158]. It is thus feasible that multi-compound cannabinoid–terpene combinations 

could be beneficial for these and other conditions (like obsessive-compulsive ‘disorder’[159,160]) that 

may be generated, in part, by dysregulated synaptic plasticity or hyperactivity in distinct brain 

circuits. 

Conclusion 

This framework is hypothesis-generating and integrates evidence from genetic, 

electrophysiological, and preclinical studies; however, direct evidence that multi-compound 

cannabinoid–terpene combinations modulate circuit-level plasticity and cognitive flexibility in 

humans remains limited and warrants rigorous clinical investigation. It also yields several testable 

predictions: that such combinations may modulate synaptic plasticity within hippocampal–cortical 
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and cortico-striatal networks, enhance cognitive flexibility, and reduce behavioral rigidity—

potentially more effectively than single-compound approaches. 

More broadly, this perspective raises the possibility that complex, multi-compound systems may 

harness synergetic interactions among phytocompounds to produce effects that extend beyond those 

of isolated constituents. Like individual musical notes converging in harmony to form a “secret 

chord,” coordinated interactions among phytocompounds may give rise to emergent properties that 

support neural stability, refine functional plasticity, and improve adaptive cognitive function. 

Together, these considerations position multi-compound cannabinoid–terpene formulations as a 

mechanistically grounded and experimentally testable approach for modulating neural circuit 

dynamics in autism and related conditions. 

 

Figure 1. Multi-Target Modulation of Excitatory–Inhibitory Balance by Phytocannabinoids. Healthy brain 

function depends on a balance between excitatory (E) and inhibitory (I) signaling (top left). Disruptions in this 

balance may contribute to hyperexcitability, abnormal synaptic plasticity, and circuit dysfunction in 

neurological conditions such as epilepsy and autism. For instance, if the scale tips towards Excitation (top right), 

seizures can develop, or excessive activation of glutamate-dependent plasticity may occur–over-strengthening 

neural representations associated with initial memories formed in novel environments, during early learning 

experiences, or in response to salient stimuli—reducing cognitive flexibility and the ability to properly learn and 

adapt. 
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Figure 2. Hypothesized Multi-Target Modulation of Excitatory–Inhibitory Balance by Cannabinoids. The 

diagram illustrates signaling pathways through which phytocannabinoids may influence neuronal activity and 

E/I balance. These include interactions with CB1 receptors, GPR55, transient receptor potential (TRP) channels, 

and voltage-gated ion channels (Ca2+, Na+, K+), which regulate neurotransmitter release and neuronal excitability. 

Modulation of these systems may reduce glutamatergic signaling, limit excessive activation of ionotropic 

glutamate receptors (AMPA, NMDA), and influence activity-dependent synaptic plasticity. 

Lysophosphatidylinositol (LPI) activation of GPR55 promotes calcium influx and excitatory neurotransmitter 

release, and may weaken inhibitory tone through effects on GABAA receptors. Phytocannabinoid-mediated 

modulation of this pathway may reduce excitatory drive and support inhibitory signaling. Through convergent 

actions across these pathways, phytocannabinoids may contribute to stabilization of neural circuit dynamics and 

restoration of excitatory–inhibitory balance. Schematic created by the author. 

This article presents a hypothesis-generating perspective based on existing scientific literature. 

The content is intended for educational and research purposes only and should not be interpreted as 

medical advice or as evidence of clinical efficacy. Clinical application requires rigorous evaluation in 

controlled human studies. 

Abbreviations: AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; Ca2+, calcium; CB1R, 

cannabinoid receptor type 1; CBD, cannabidiol; CBDV, cannabidivarin; Δ9-THC, Δ9-tetrahydrocannabinol; E/I 

balance, excitatory–inhibitory balance; GABAAR, γ-aminobutyric acid type A receptor; GPR55, G protein-

coupled receptor 55; iGluR, ionotropic glutamate receptor; KV, voltage-gated potassium channel; LPI, 

lysophosphatidylinositol; NaV, voltage-gated sodium channel; NMDA, N-methyl-D-aspartate receptor; TRP, 

transient receptor potential; VGCC, voltage-gated calcium channel. 
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