
Immunomodulatory actions of cannabinoids: Clinical correlates 
and therapeutic opportunities for allergic inflammation

Ajay P. Nayak, PhD1,2, Cali Loblundo, BS1,2, Leonard Bielory, MD1,3,4,5

1Department of Medicine, Thomas Jefferson University, Philadelphia, PA

2Center for Translational Medicine; Division of Pulmonary Allergy and Critical Care Medicine, 
Jane and Leonard Korman Lung Center, Thomas Jefferson University, Philadelphia, PA

3Department of Medicine, Hackensack Meridian School of Medicine, Nutley, New Jersey

4Rutgers University Center for Environmental Prediction, New Brunswick, New Jersey

5Center for Aerobiological Research, Kean University, Union, New Jersey

Abstract

Endogenously produced cannabinoids as well as phytocannabinoids broadly exhibit anti-

inflammatory actions. Recent emergence of cannabis for multiple medical issues combined 

with reports on potent immunomodulatory actions of distinct components has underscored the 

therapeutic potential of cannabis. While synthetic cannabinoids that are based on structural 

similarities to existing class of cannabinoids have been on the rise, their application in therapeutics 

have been limited owing to toxicity concerns. Herein, we review the current literature that 

details the immunomodulatory actions of cannabinoids. Further, we highlight the complexities of 

cannabinoid biology and examine the potential inflammatory risks associated with use of cannabis 

including potential for toxic interactions between distinct constituents of cannabis.
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INTRODUCTION

Cannabis legal status is constantly evolving worldwide, but it remains the most prevalent 

drug for illicit use in the United States. Cannabis is not a novel entity and has been cultivated 
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through millennia as a source of fiber, oil, food, and for its medicinal (specifically pain 

management) and mood-altering properties.1 However, criminalization of cannabis began 

as early as 1906 with the enacting of poisoning laws, thereby limiting its accessibility and 

in 1925 the League of Nations plenipotentiary International Opium conference formalized 

cannabis regulation, but the United States withheld participation. By 1937, the Marihuana 

Tax Act essentially made possession or transportation of the plant illegal under federal law 

(with certain exceptions for medical or industrial uses). The Comprehensive Drug Abuse 

Prevention and Control act of 1970 was passed soon after the SCOTUS found the Marihuana 

Tax Act to be constitutional (Leary v. United States). Cannabis was assigned Schedule I 

classification under Title two of this act (aka: Controlled Substances Act). This classification 

deemed cannabis as having a high potential for abuse with no accepted medical use, thus 

prohibiting its accessibility. However, the laws pertaining to recreational cannabis use have 

recently evolved, particularly owing to potential medicinal benefits and evolving social 

acceptance. Despite its recognition as an illegal substance at the Federal level, many 

constituent states and cities have increased access to cannabis and/or decriminalized its 

possession and states/cities have nuanced access to cannabis for medicinal and recreational 

use.

Over 80% of our present therapeutic armamentarium is derived from herbal based 

natural compounds2, which underlies the recent resurgence in complementary medicine 

(particularly cannabis) and their beneficial effects in managing inflammation. In recent 

years, we have also seen increased clinical interest in understanding cannabis and its 

physiological and pathophysiological effects. Cannabis has a rich chemical profile including 

cannabinoids that can affect a wide range of physiologic systems. These cannabinoids are 

understood to exert their actions primarily through cannabinoid (CB1 and CB2) receptors 

(although other targets are presumed to exist). Consequently, agonists and antagonists are 

showing significant clinical value as a potent immunoactive therapy. Concurrently, there 

has also been increased reporting of immunological impacts of cannabis such as allergy 

and other adverse drug reactions, including synthetic forms.3, 4 This manuscript explores 

our current understanding of plant cannabinoids and the endocannabinoid system, reviews 

the literature on allergenicity and immunotherapeutic/immunomodulatory potential of this 

emerging class of substances.

General Overview of Cannabinoids

Cannabinoids are a group of closely related compounds that exist in nature in the 

form of phytocannabinoids (sourced from plants) or naturally occurring in higher 

animals (endogenous cannabinoids or endocannabinoids). To overcome the limitations 

of phytocannabinoids (particularly efficacy issues), various strategies were developed to 

synthesize cannabinoids artificially in the laboratory. Over years these strategies have 

evolved significantly, and cannabinoids of distinct chemical class have emerged.5 However, 

synthetic cannabinoids have unraveled multiple safety concerns. Herein, we provide a 

brief overview of various components of cannabis and how they contribute to allergy and 

inflammation.
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Endocannabinoids and the Endocannabinoid system (ECS)—While 

phytocannabinoids were first characterized in 1930’s by R.S. Cahn; first chemical synthesis 

was achieved in 1940 in the laboratories of R. Adams in the US. and Lord Todd in the U.K.6 

that assisted in characterizing their effects on human physiology. However, the receptors for 

these phytocannabinoids remained elusive for many years and were only discovered much 

later. In 1992, Dr. Raphael Mechoulam and colleagues based in Israel identified the first 

endogenous cannabinoid called anandamide,7 six decades after the discovery of the key 

plant phytocannabinnoid structures by Dr. Roger Adams in the U.S.6 Around the same time, 

the receptors that constitute the ECS were discovered by Dr. Herkenham in 1990 at the US 

National Institute of Mental Health (NIMH).8

The ECS consists of (i) endogenous lipid-based endocannabinoid ligands; (ii) their receptors 

such as the G protein-coupled receptors CB1, CB2,9 and transient receptor potential 

vanilloid 1 (TRPV1) channel; and (iii) the enzymes such as fatty acid amide hydrolyase 

(FAAH) that regulate the levels of endocannabinoids in vivo.5 In recent years, additional 

GPCRs and other targets such as peroxisome proliferator-activated receptors (PPARs) 

have been reported for cannabinoids.10, 11 Both CB1 and CB2 receptors are G protein-

coupled receptors (GPCRs) that preferentially couple with heterotrimeric Gi proteins (inhibit 

adenylyl cyclases (ACs)). Previously, CB1 was also referred to as the ‘central’ cannabinoid 

receptor because it is mainly expressed in the central nervous system, and CB2 was 

referred to as the ‘peripheral’ cannabinoid receptors since they were predominantly found 

on immune cells. It is now well recognized that both receptor subtypes are ubiquitously 

expressed in many cell types, including both the central nervous system and peripheral 

tissues, although their relative distribution is varied.

Endocannabinoids are lipid mediators that belong to the N-acylethanolamine family and are 

synthesized naturally by human cells from membrane glycerophospholipids that demonstrate 

signaling capabilities.12 They are synthesized by cellular apparatus relevant for synthesis 

of eicosanoids (prostaglandins and leukotrienes). In 1992, Dr. Devane and colleagues 

identified the first endogenous cannabinoid neurotransmitter called anandamide, named 

after the Sanskrit word ‘ananda’ which means ‘joy or bliss’.7 Anandamide is a partial 

agonist of CB1 and CB2, with stronger affinity to former. Subsequently, the discovery 

of virodhamine, named from Sanskrit word ‘virodha’ meaning ‘opposition’, acts as an 

antagonist at CB1 receptor (and possibly a CB2 receptor agonist). Another endocannabinoid 

2-arachidonoylglycerol (2-AG) acts as a full agonist at both receptors.13, 14 Anandamide 

and 2-AG, together are the most well characterized cannabinoids. Other cannabinoid-like 

compounds have also been isolated and shown to exhibit anti-inflammatory actions and 

include lipoamino acids such as elmiric acids (EMAs) are endogenously synthesized, 

although they are unlikely to act through CB receptors.15

Collectively, elevated endocannabinoid activity has been linked with maintenance of 

homeostatic functions and are generally considered to be anti-inflammatory. In the CNS, 

endocannabinoid signaling is deemed to have protective effects on neurons, through 

regulation of anorexic signals, inhibition of γ-aminobutyric acid (GABA) and suppression 

of nociception.5 Further, the endocannabinoid system also plays an essential role in 

managing neuropathic pain in peripheral tissues. Endocannabinoids have also been shown to 
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regulate allergic inflammation. Further, anandamide can inhibit proliferation of B and T cell 

populations.

Phytocannabinoids—As noted earlier, cannabis plant possesses a rich chemical profile 

consisting of >100 phytocannabinoids. Constituent cannabinoids demonstrate complex 

pharmacological behavior that is yet to be completely understood. Cannabidiolic acid 

(the chemical precursor to cannabidiol), the most abundant constituent of Cannabis sativa, 

was first isolated in 1955 by Krejči and Šantavy and was initially thought to be strongly 

antibiotic.16 The next major active ingredient of Cannabis sativa, isolated in 1964, was Δ9-

tetrahydrocannabinol (THC).17 We now know that cannabis contains at least 108 exogenous 

cannabinoids, some of which exert opposing pharmacological and physiological effects. 

Further, cannabis contains over 200 non-cannabinoid substances with unclear effect on 

human physiology and disease. This said, THC is the only psychoactive cannabinoid with 

clearly established mood-altering and hallucinogenic effects, while cannabidiol has been 

attributed with anti-inflammatory and anti-emetic roles.

1) Delta 9 tetrahydrocannabinol (THC) -: THC is a psychoactive component of 

marijuana that binds to CB1 receptors to evoke the hallucinogenic effects associated with 

the drug. CB1 receptor is primarily found in the brain and is more closely associated 

with mood/cognitive change when stimulated while CB2 is primarily found in peripheral 

tissues, thus explaining the stronger hallucinogenic and mood-altering capabilities of THC. 

Smoking marijuana has been linked with compromised microbicidal activity in macrophages 

and decrease in ciliated epithelial cells, both essential for optimal response to inhaled 

pathogens.18–20 Some of these effects have been attributed to immunosuppressive actions 

of THC.19 This immunosuppressive disposition brought on by THC have been investigated 

in seropositive HIV patients that are elevated risk of developing respiratory infections 

(pneumonia). While some have suggested that chronic marijuana use may increase risk 

of pneumonia within the HIV cohort,21 others have failed to demonstrate a clear link.22 

However, one study demonstrated that while macrophages from heavy cannabis users have 

impaired nitric oxide, cellular function can be improved through addition of exogenous 

cytokines, suggesting that cytokine signaling networks are not perturbed by THC (and 

possibly other cannabinoids).23 Rather the defect is likely in phagolysosomal processing of 

foreign materials and induction of an effective inflammatory response.

2) Cannabidiol (CBD) -: Cannabidiol (CBD) is a nonpsychotropic component of 

cannabis that does not cause the typical marijuana-associated hallucinogenic effects and 

has major potential for use in several therapeutic areas. In contrast to Δ9-THC, CBD 

binds very weakly to the CB1 and CB2 receptors while showing potent activity at both 

receptors in in vitro and in vivo assays24–26. CBD has a very low affinity for CB1 and CB2 

receptors (100-fold less than Δ9-THC).26 Further, many actions of CBD seem to be mediated 

by binding to transient receptor potential vanilloid type 1 (TRPV1),27 G protein-coupled 

receptor 55 (GPR55),14, 28, 5-hydroxytryptamine receptor subtype 1A (5-HT1A)29, and 

enzymes associated with endocannabinoid breakdown.30 CBD has been shown to exert 

anti-inflammatory actions in rodent models for various inflammatory diseases including 

neuropathies.31–33 Specifically, CBD suppresses expression of proinflammatory cytokines 
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such as TNF-α. Although a partial agonist for the vanilloid receptors, CBD has been 

shown to function by activating TRPV1 in several models of inflammation, although a 

definitive physiological link remains unclear.32, 33 The anti-inflammatory effects of CBD 

in experimental hepatitis has been established to be TRPV1-dependent and associated 

with increased MDSC numbers in liver. However, in mice deficient in Trpv1 (Trpv1−/−), 

introduction of CBD induced accumulation of CD11b+Gr-1+ myeloid-derived suppressor 

cells (MDSCs) in the peritoneum and was independent of TRPV1.34

Among other cannabinoids, cannabinol, cannabigerol and cannabichromene are the other 

most commonly isolated phytocannabinoids, however their pharmacological interactions 

are poorly understood. These compounds may exert anti-inflammatory actions and 

cannabichromene and cannabigerol have been shown to regulate inflammation in colitis 

models.35, 36 Among other compounds from cannabis, caryophyllene (a sesquiterpene and 

a cannabinoid) has also been shown to interact with CB receptors (specifically, CB2) and 

contribute to anti-inflammatory responses,37

In summary, cannabinoids from exogenous sources typically demonstrate affinity to distinct 

class of receptors and channels. Cannabis strains with a THC-rich pharmacological 

profile have gained prominence in recent decade with the concurrent development of 

synthetic mimics that demonstrate higher affinity to the metabotropic CB receptors. 

While administration of these cannabinoids could provide a more efficient means to 

exert desirable (therapeutic) effects, consumption of cannabinoids from such sources could 

potentially overwhelm the ECS system. Exposure to high levels of these substances is often 

beyond the physiological capacity of the receptors and raises concerns for non-specific 

effects or side-effects. The broad immunomodulatory actions of phytocannabinoids (and 

endocannabinoids) appear to be disposed to regulate inflammation. Therefore, to untap 

the true therapeutic potential of this system it is essential to develop understanding of 

the pharmacokinetics/pharmacodynamics of these compounds in addition to potential for 

interactions, to mitigate the undesirable effects.

Cannabis and allergic inflammation

Cannabis proteins and allergy—As early as 1971 there were official reports of 

the medical manifestations of cannabis that included allergic manifestations.38, 39 Skin 

prick testing (SPT) with water-soluble antigen suggested that cannabis allergy is not 

mediated by THC (owing to its poor solubility in water and requires organic solvents).40 

Recent investigations into allergic sensitization to cannabis have focused on identifications 

cannabis proteins (allergens) that can potentially stimulate an IgE-mediated response. 

Studies have suggested a role for type I hypersensitivity mechanisms. IgE reactivity 

to Cannabis sativa proteins in western blots was heterogeneous and ranged from 10 

to 70 kDa with the identification of a 23-kDa oxygen-evolving enhancer protein 2 

(OEEP2) and a 50-kDa protein identified to be the photosynthetic enzyme ribulose-1,5-

bisphosphate carboxylase/oxygenase (RuBiSCo).3 In the same study, additional proteins 

were identified in the proteomic analysis, including those from adenosine triphosphate 

synthase, glyceraldehyde-3-phosphate dehydrogenase, phosphoglycerate kinase, and luminal 

binding protein (heat shock protein 70), suggesting these proteins are potential allergens. 
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Deglycosylation studies helped refine protein allergen identification and demonstrated 

significant IgE antibodies against plant oligosaccharides that could help partially explain 

cross-reactivity.

Studies in Europe have identified lipid transfer protein (LTP, Can s 3) as a major allergen of 

cannabis.41–46 Moreover, LTP is also understood to be the driver of cross-reactive allergies 

to other plant foods.47 Reports suggest that C. sativa sensitization may be mediated by 

2 mechanisms, cross-reactivity (mainly with LTP and thaumatin-like protein) and exposure-

related de novo sensitization.48

Owing to increasing access for cannabis grow options within private settings, there are 

concerns regarding the allergenicity of cannabis pollen. Studies on allergenic potential of 

cannabis pollen are limited. Previously, studies have identified a 14 kDa protein fragment 

(potentially LTP) from C. sativa pollen extract.49 It should be noted though that most 

cannabis plants that are enriched for THC are female plants and approaches exist to cultivate 

plants in absence of male plants.

The allergenic potential of the ECS system—Allergic inflammation to cannabis is 

typically manifested by cutaneous manifestations including urticaria and angioedema as well 

as nasal, ocular, and even allergic asthma, but it is unclear if cannabinoids can act as low 

molecular weight (LMW) allergens, thus directly influencing immunological outcomes. In 

allergy, endocannabinoid release is typically observed with the associated inflammation. 

For e.g., 2-arachidonoylglycerol (2-AG) levels increase under inflammation induced by 

oxazolone, a hapten that promotes delayed-type hypersensitivity reactions in skin.50 Further, 

blocking 2-AG using a CB2 receptor antagonist (and to a lesser extent CB1 antagonist) 

limits swelling and the expression of proinflammatory cytokines induced by oxazolone. 

Elsewhere, other endocannabinoids have been shown to mitigate inflammation. In murine 

dermal allergy models, endocannabinoids such as N-palmitoyl ethanolamine exerted anti-

edema and anti-inflammatory effects that are independent of CB1 and CB2 receptors 

and likely to involve GPR55 (coupling to G protein G12/13) and PPAR-α.11 Similarly, N-

stearoyl ethanolamine inhibited edema in a mast-cell mediated allergy model using dermal 

exposure to 2,4-dinitrophenyl.51 Further, N-stearoyl ethanolamine effects are not mediated 

by CB1/CB2 receptors but possibly via the heat- and capsaicin-sensitive excitatory TRPV1 

channel (aka the vanilloid receptor 1 or capsaicin receptor) that are expressed on sensory 

neurons and more importantly on mast cells. These findings suggest that endocannabinoids 

may be directly involved in homeostatic as well as pathological features associated 

with allergy (particularly in skin) and is dependent on the specific endocannabinoid. 

Nevertheless, preliminary studies implicate CB2 in the role of endocannabinoids in 

sensitization and elicitation phases of the reaction. Finally, mice deficient in fatty acid amide 

hydrolase (FAAH) which elevates circulating anandamide levels are fairly protected from 

development of allergic inflammation.52

Thus, allergenic potential of endocannabinoids is nuanced. Although the molecular 

mechanisms are only now being appreciated, it is increasingly becoming clear that 

cannabinoids may modulate mast cell functions. In contrast, very little is understood 

about the allergenic potential of synthetic cannabinoids and phytocannabinoids. Highly 
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selective agonists of CB2 receptor may worsen allergic inflammation, whereas non-selective 

CB1/CB2 agonists are protective.51 The ECS system is fine tuned to respond to changes 

in endocannabinoid levels and exposure to synthetic cannabinoids and phytocannabinoids 

(typically a higher pharmacological exposure) may promote dysfunction in the ECS, and 

additional studies are essential in examining allergenic potential from these sources.

Synthetic- and phyto- cannabinoids in allergy therapeutics—As discussed above, 

endocannabinoids may act as mediators of allergic inflammation. Indeed, in murine allergy 

models, targeting of cannabinoid receptors (CB1 and CB2) with antagonists to limit 

endocannabinoid signaling protects from the development of cutaneous pathology associated 

with dermal allergy.50 Studies employing synthetic cannabinoids have indicated complex 

pharmacological behavior of the system in allergy models. While some have suggested 

that antagonists of CB2 receptor may provide relief from the symptoms of dermal allergic 

reactions,51 others have contended that antagonists of cannabinoid receptors worsen allergic 

inflammation while agonists alleviate associated symptoms.52 Thus, whether modulation of 

ECS components using pharmacological agents would presumably be an attractive approach 

to mitigate inflammation remains to be clarified and appears to be dependent on the context 

of allergic inflammation and prevalent circulating endocannabinoids.

Immunodulatory actions of exogenously synthesized cannabinoids are well documented. 

For e.g., synthetic cannabinoid HU-44 lowers the formation of tumor necrosis factor (TNF)-

alpha, a proinflammatory cytokine, and was found to be an oral antiarthritic therapeutic 

in murine collagen-induced arthritis in vivo.25 Another example of this immunoregulatory 

action is SMM-187, a CB2 receptor inverse agonist, which was recently shown to have 

potent anti-inflammatory activity. Specifically, it inhibits production of pro-inflammatory 

cytokines including IFN-gamma, IL-6, and IL-12p70, while inhibiting chemokines IL-8, 

MCP-1, MIP-1b, CCL17, MDC, and eotaxin-3 in activated primary human microglia.53, 54 

In studies with microglia and traumatic brain injury (TBI), SMM-187’s anti-inflammatory 

activity is coupled with increased phosphorylation of cAMP response element binding 

protein (CREB).55

In a recent study, Palomares and colleagues demonstrated that synthetic compound 

WIN55212-2 (a CB1 agonist) can actively inhibit dendritic cell activation (in vitro) and 

migration to lymph nodes (in vivo).56 Further, the study indicated reduction in allergen-

specific IgE and IgG in mice treated with the synthetic cannabinoid. It was also observed 

that IL-5 producing T cell numbers are contracted because of WIN55212-2 treatment, while 

regulatory T cell populations expanded. However, it is unclear if these effects are brought 

on solely in a CB1 receptor -dependent manner or through other targets such as peroxisome 

proliferator-activated receptors, PPARα or PPARγ. Collectively, the studies show that the 

‘sensitization phase’ as well as the ‘effector phase’ of allergen response are accessible for 

ligands targeting the ECS.

Investigations into CB receptor biology and function (on agonist or antagonist binding) has 

yielded some clues into subcellular signaling. The CB2 receptor regulates production of 

cAMP, mitogen activated protein kinase (MAPK), modulation of intracellular calcium,57 and 

affects a broad spectrum of signaling pathways including critical transcriptional factors 
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such as NF-kB,58, 59 NFAT,60 and AP-1.59 CB2 receptors are coupled to Gi proteins 

and consequently agonists decrease intracellular cAMP and inverse agonists increase 

intracellular cAMP.61 CB2 receptor antagonists may also act as inverse agonists and 

can suppress inflammatory pathways via activation of ACs, which consequently increases 

cellular cAMP and subsequently activates protein kinase A (PKA). The activation of PKA 

results in signaling transduction and phosphorylation of its substrates, the cAMP response 

binding element binding protein (CREB) and CREB binding protein (CBP) to co-activate 

cAMP response element (CRE) that leads to anti-inflammatory responses.62, 63

In summary, the modulation of ECS components through pharmacological means could 

unlock novel therapeutic opportunities. More studies are needed to clarify the role of 

ECS components. Endogenously produced cannabinoids drive inflammation through CB 

receptors,50 suggesting blocking of CB receptors may be beneficial in regulating allergy. 

However, genetic deletion of these receptors appears to exacerbate allergy.52 Other strategies 

including blocking FAAH have also emerged, but more studies are needed to contextualize 

their therapeutic benefits.

Mast cells and regulation of allergic inflammation by cannabinoids—In recent 

years, mast cells have emerged as critical players in allergy mediated by cannabinoids. 

Experimentally used mast cell lines express both CB1 and CB2 receptors that on activation 

by CB2 agonists or non-selective agonists induce activation of extracellular signal-regulated 

kinase (ERK) and AKT.64 (Figure 1) Further, CB1 receptor function appears to be coupled 

with secretory functions (degranulation) linked to FcεRI on mast cells.65, 66 However, 

the precise mechanism by which CB1 receptors regulate degranulation in mast cells 

are poorly defined. Theoretically, these receptors are coupled to heterotrimeric Gi G 

proteins that suppress cAMP, however elevation of cAMP is also linked with inhibition 

of secretory function. Thus, cannabinomimetic compounds (i.e., agents able to modulate 

endocannabinoid function) are considered as an intriguing class of regulators of mast cell 

behavior. Elsewhere others have shown that Δ9-THC augments β-hexosaminidase release, 

which is a marker of mast cell activation in rat mast cell line (RBL-2H3), murine mast 

cell line (MC/9) and isolated primary peritoneal mast cells.67 In mast cell-mediated dermal 

allergy models of allergy, synthetic cannabinoids such as JWH-133 (selective CB2 agonist) 

have been shown to promote inflammation, whereas non-selective CB receptor agonists 

inhibit inflammation.51

Integrative models of allergic inflammation make it difficult to ascertain the relative 

contribution of mast cells to the development of allergic reactions owing to presence of 

CB2 on other local immune cells types such as dermal Langerhans cells.50 Further, there is 

lack of clarity on whether epidermal keratinocytes express CB2 receptors making it difficult 

to define the contribution by non-immune cells.50, 52, 68, 69

Cannabinoids in ocular allergy therapy—Cannabinoids are beginning to be 

investigated in their potential roles in ocular surface inflammation and pain, as CB1 

receptors are expressed in the corneal epithelium and endothelium in rodents and 

primates.70, 71 Human and murine conjunctiva also widely express CB1 and CB2 receptors 

in the epithelial layers including goblet cells.72

Nayak et al. Page 8

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Functional responses were mediated by stimulation of cannabinoid receptors (CB1 and 

CB2) with CP 55,940. CP 55,940 is a potent cannabinoid analogue that acts on both 

CB1 and CB2. This resulted in decreased cAMP levels, proliferation, and modulation of 

stress signaling pathways thus regulating epithelial renewal and inflammatory processes 

at the ocular surface.72 Most epithelial cells in conjunctiva demonstrate CB1 and 

TRPV1 co-localization based on overlapping immunostaining.73 Injury to epithelial cells 

activates TRPV1 inducing proinflammatory cytokines and chemoattractant expression. CB1 

activation after epithelial injury leads to reduction of inflammation. Injury also activates a 

protein-protein interaction between TRPV1 and CB1, which downregulates TRPV1-induced 

inflammation in an adaptive manner.74

Natural or synthetic cannabinoid extracts delivery to the ocular surface is challenging due 

to their highly lipophilic profile that would require emulsification in formulating a water-

oil formulation. This may be appropriate for the ocular surface disorders but limits its 

intraocular delivery for the treatment of conditions such as glaucoma. A few approaches 

were proposed to overcome this challenge. Initially these involved the use of light mineral 

oil as a vehicle. Low concentrations of THC (0.1%) were dissolved in light mineral oil 

and applied directly to the eyes of human subjects with high blood pressure. This caused 

a decrease in systolic blood pressure (pressure in blood vessels felt immediately when 

the heart contracts and pumps), which can reduce intraocular pressure. But ultimately the 

diluted THC-infused mineral oil proved to be an irritant to the human eye, which precluded 

its use as an anti-inflammatory remedy.75, 76

Some studies have shown that different micro-emulsions and cyclodextrins (cyclic sugar 

molecules) can enhance the epithelial and corneal penetration of endogenous cannabinoids. 

These formulations were tested for their ability to lower intraocular pressure, with successful 

results. Perhaps a similar solution could be utilized to deliver CBD and other plant 

cannabinoids as a treatment for corneal neuropathic pain and ocular surface inflammatory 

disorders.77

Finally, other strategies that increase the levels of endocannabinoids may have therapeutic 

potential at least in context of allergic diseases. One approach would be to block the fatty 

acid amide hydrolase (FAAH), which is involved in breakdown of endocannabinoids, thus 

sustaining availability of endocannabinoid pool. The potential for such strategy has been 

discussed in context of pain management and neurological disorders.78

Other cannabis components and their impact on inflammation

In addition to cannabinoids, cannabis also expresses dozens of other pharmacologically 

active compounds (e.g., terpenes and flavonoids) that interact with multiple tissues systems 

to mediate a myriad of physiologic and psychologic effects Cannabis plant is a major source 

of cannabinoids that can have a variety of effects on human health and physiology. However, 

cannabis contains other substances that carry the potential to impact human health. Herein, 

we briefly describe these substances and discuss their benefits or harms to human health as it 

specifically relates to inflammation.
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Flavonoids—Flavonoids are secondary polyphenolic metabolites that commonly have a 

ketone group and yellowish pigments, after which they are named (from the Latin flavus, 

“yellow”) and have a multitude of functions. These span from regulating plant development, 

pigmentation, and UV protection, to an array of roles in defense and signaling between 

plants and microorganisms.

Because of their prevalence in the human diet, many flavonoids constitute important 

components of medicinal plants and are used in the control of inflammation that naturally 

occur in fruits, vegetables, tea, and wine. Fruits and vegetables that provide a considerable 

concentration of flavonoids per 100 g include citrus fruits, blueberries, blackberries, onions, 

peppers, green tea, as well as dried oregano and parsley.79 Ongoing research has proposed 

flavonoids have numerous health benefits.

In allergic disorders, with the most well-documented evidence published to date on the 

inhibitory action of flavonoids on mast cells.34, 80–83 Interestingly, research in this area 

dates back to reports on the use of the flavonoid also found in extracts of cannabinoids, 

quercetin, on mast cells.84, 85 Flavonoids also include derivatives of the herbal cannabis 

plant that include cannflavin A, cannflavin B, cannflavin C, vitexin, isovitexin, apigenin, 

kaempferol, quercetin, luteolin and orientin.86 Quercetin as noted above was one of the 

earliest flavonoids to be studied in allergic inflammatory disorders84 and mentioned of its 

potential use in complementary treatment of allergic conjunctivitis.87 The distribution of 

these in the plant varies depending on the type of flavonoid, but none have been found in the 

root system of the Cannabis plant.

Impact on clinical practice

As of 2022, thirty-seven states, three territories and the District of Columbia allow the 

medical use of cannabis products. Further, in 2012, the states of Colorado and Washington 

legalized recreational marijuana leading to many other states following their lead to 

presently 17 states. In many states where recreational use of marijuana is illegal, certain 

cities have decriminalized possession and use. Thus, trends from the past decade indicate 

continued expansion of accessibility of cannabis for medical and recreational purposes. 

Consequently, it is expected that reports of cannabis allergies will become common. The 

allergy symptoms although usually benign include nasal, ocular, and pulmonary complaints. 

However, life-threatening anaphylactic reactions are rare and are generally limited to 

hempseed consumption.88 With the increasing availability, the risk of allergies due to 

both accidental and prescribed exposures is possible. Physicians treating allergy must keep 

in mind that their patients could be exposed to this antigen. Recently, The International 

Cannabis Allergy Collaboration published detailed recommendations for management of 

patients with symptomatic exposures to cannabis.89 Skin testing is helpful diagnostic tool, 

but only a fraction of allergists apply this technique.90 Accessibility to hemp (cannabis 

containing < 0.3% THC) may help overcome the current limitations in clinical evaluation of 

allergic sensitization, although a standardized extract is not yet available. Further, diagnostic 

approaches for serological analysis of cannabis allergen specific IgE are in development 

but are in early stages of development. For most cases, avoidance of cannabis is currently 
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a preferred approach to limit symptomatic outcomes, although this is a challenge in 

occupational settings.

In summary, owing to the immunomodulatory and allergenic potential of cannabis, engaging 

with patients about their cannabis use may provide helpful clues in clinical management of 

therapeutic outcomes.

Conclusions

In the face of growing opioid crisis, cannabis and its constituents have emerged as safer 

alternatives to manage pain. Consequently, neuromodulatory attributes of cannabinoids 

and the ECS have been a subject of intense investigations in recent years. However, 

cannabinoid receptors and relevant enzymes and proteins are ubiquitously expressed in 

diverse physiological systems underscoring their accessibility as pharmacological targets. 

Cannabinoids can also have immunomodulatory actions, although very little is understood 

as to how individual components interact with distinct immunological compartments. 

Endogenously synthesized cannabinoids have been demonstrated to have immunoregulatory 

actions. Further, phytocannabinoids such as THC may be immunosuppressive while 

cannabidiol may drive anti-inflammatory responses. However, receptors of the ECS are 

broadly tuned and very little is understood about over stimulation of these systems which 

may be likely in chronic and heavy users of cannabis. Also, proteins from cannabis 

can also drive allergic sensitization in increasing number of individuals. Increased access 

to cannabis plant in its various consumer forms will boost research, which is essential 

since cannabis access is becoming increasingly pervasive. Our collective understanding 

of the public health implications (benefits and harms) of cannabis is likely fraught with 

preconceived notions and biases. Cannabis and cannabinoids are primarily consumed by 

either inhalation, oral or topical administration. There are unique pharmacokinetic and 

safety profiles endowed to each route.91 Inhalational route results in rapid circulation of 

cannabinoids and is a preferred route,92 however, concerns remain on inhalation use of 

natural cannabis plant, which is not a recommended route of administration for medical 

use of cannabis in some states. Additional studies are needed to clarify the context of 

exposure to cannabis (including its components) to fine tune the potentially beneficial 

immunomodulatory effects (improved immune function) from deleterious ones (acute lung 

injury, compromised immune function). This is a clarion call to strategize a research and 

clinical practice framework to understand how cannabis and components interact with 

human physiological systems to enable contextualizing of the beneficial facets from harmful 

effects.
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Figure 1: Model for CB1 and CB2 receptor signaling and function in mast cells.
CB1 receptors are G protein-coupled receptors that in theory on activation inhibit 

adenylyl cyclases (AC) which is essential for generation of second messenger cAMP and 

consequently regulating degranulation in an FcεRI-dependent manner. CB2 receptors are 

also GPCRs and may regulate mast cell cytokine release by PI3K-dpeendent mechanisms.
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