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Abstract

Objectives: Periodontal disease (PD), which is commonly associated with inflammatory pain, can eventually lead to tooth and bone loss.
Nonsteroid anti-inflammatory drugs (NSAIDs) are commonly prescribed to manage acute inflammatory pain by inhibiting prostaglandin
production. The endocannabinoid system (ECS), such as anandamide (AEA), 2-arachidonoyl glycerol (2-AG) and phytocannabinoides (pCBs) also
plays a role in the modulation of prostaglandins and inflammation. This study aims to build on a previous publication by identifying the dose-
dependent response of non-psychotropic phytocannabinoids (pCBs) on prostaglandin E2 (PGE2) levels in primary human gingival fibroblasts
(HGFs) stimulated with interleukin-18 (IL-1B). The study hypothesizes that the pharmacological properties of phytocannabinoids (pCBs) are
dose-dependent and may produce different outcomes on prostaglandin activity.

Methods: HGFs were cultured and the conditioned media was treated with IL-13 (1ng/ml) and varying doses of cannabidivarin (CBVN or CBDV,
dose), cannabigerol (CBG), and cannabidiol (CBD) or a nonselective cox inhibitor, Indomethacin (10uM) on HGFs. At the end of the treatment
PEG2 was determined using The CisBio HTRF PGE2 assay kit

Results: CBVN, CBG, and CBD all showed significant suppression of IL-1f stimulated PGE2 in HGFs at a lower concentration. CBG significantly
suppressed PGE2 levels at 0.3-1.0 pg/ml. CBD exhibited suppression of PGE2 at 0.1-0.75 pg/ml, while significantly increasing PGE2 levels at
1.0-5.0 pg/ml. CBVN exhibited the most profound suppression of PGE2 at 0.1-1.0 pg/ml, but significantly elevated PGE2 at 2.0-5.0 pg/ml. The
treatment with indomethacin (10uM) resulted in suppression of PGE2 significantly back to control levels.

Conclusion: The crosstalk between prostaglandins and the ECS in the modulation of inflammation provides a potential therapeutic option for
the management of inflammatory pain. However, it is important to understand the limitations of each pCBs, as at lower doses pCBs reduce
PGE2 levels, while showing increased PGE2 at higher doses promoting inflammatory effects. The pCBs alone or in combination may benefit the
development of new therapeutic strategies for pain management during periodontal therapy aiding in improving public oral health.
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Introduction

lipopolysaccharide  (LPS), pathogen-associated molecular
pattern (PAMP) [6,7] and polymorphonuclear neutrophils
(PMN’s) increase in gingival crevicular fluid (GCF) with active
inflammation-causing local tissue damage. These stimuli shift
active biochemical and metabolic processes altering the profile
of eicosanoids (prostaglandins), endocannabinoids, cytokines,
and chemokines. Cannabis Sativa has been well documented for

Periodontal disease (PD) is one of the most common
inflammatory diseases affecting the hard and soft tissues
surrounding teeth [1], which increases therisk of systemic diseases
like cardiovascular disease and rheumatoid arthritis [2-5]. Oral
biofilms, a diverse set of microbial communities, are etiological
factors for PD. Gram-negative bacteria cell wall endotoxin
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its use in medicine for pain relief and anti-spasmodic activity [8-
11]. The non-psychotropic/non-intoxicating phytocannabinoid
cannabidiol (CBD) is derived from the cannabis sativa or
hemp and has gained recent attraction due to FDA approval of
Epidiolex (CBD oral solution) to treat seizures associated with
rare epileptic conditions [12]. The considerable growth of CBD/
hemp oil products and their off-label use has been considered
for a variety of conditions including pain control [13], migraines,
and other inflammatory conditions [14]. The endocannabinoids
and eicosanoids [15,16] regulate several important processes of
inflammation by modulation of cyclooxygenase enzyme-2 (COX-
2) which plays an important role in inflammation and pain. The
upregulation of prostaglandin E 2 (PGE2) in PD via COX-2 in
fibroblasts [17] is well known to cause pain by vasodilation and
vascular permeability affecting somatosensory nerves [18].
Furthermore, COX enzymes and cytokine IL-1 have been well-
documented in PD development and/or progression.

In our previous study, we observed that regulation of
the endocannabinoid system (ECS) exhibited suppression
of cytokine, chemokines, inflammatory lipid mediators, and
angiogenic and vascular markers that were increased by the
proinflammatory stimulus IL-13 [19,20]. The canonical receptors
of the ECS are cannabinoid type 1 (CB1R) and cannabinoid type
2 (CB2R) G-protein coupled receptors, along with other putative
receptors. In addition, several off-target effects have also been
reported which include the modulation of COX enzymes [16].
There is evidence that the endocannabinoids anandamide (AEA)
and 2-archidonylglycerol (2-AG) are substrates for the COX-2
enzyme and play an important role during inflammation [21,22].
The analgesic effects of cannabinoids mainly are attributed
to the psychotropic compound delta 9-tetrahydrocannabinol
(Delta 9-THC) and cannabidiol CBD (non-psychotropic) [23].
The modulation of the endocannabinoid system (i.e, CBD)
holds considerable promise for oral and topical analgesic drug
development[12].Physiologicallyrelevantdoses (1.0 ug/ml)of CBD,
cannabinol (CBN), and THC at exhibit suppression of P. gingivalis-
induced cytokines while enhancing IL-10 (an anti-inflammatory
cytokine) while doses 5.0 pg/ml or greater compromised cell
viability [24]. Therefore, different concentrations due to routes
of administration can have differential responses. To verify this,
we aimed to assess the reduction of prostaglandin E 2 (PGE2) in
vitro by various cannabinoids that would translate to a reduction
in inflammatory pain in clinical settings. This study examines the
concentration or dose-dependent effects of cannabinoids, CBD,
cannabidivarin (CBDV), and cannabigerol (CBG) in human gingival
fibroblasts (HGF) and assesses the inhibition of PGE2.

Material and Methods
Cell Culture of Human Gingival Fibroblasts

Human gingival fibroblasts from the American Type Culture
Collection (ATCC) (HGF-1 ATCC CRL2014) [19] cultured according
to the manufacturer’s recommendation in the Basal Fibroblast

Medium (BFM, ATCC PCS-201-030) supplemented with 2 %
fetal bovine serum (FBS) (Atlanta Biologicals, Flowery Branch,
GA). The experiments were performed at 70-80% confluent cells
within passages [3-5].

Preparation of Conditioned Media

HGFs were plated in 96-well polystyrene flat-bottom plates
(Corning, NY) at cell densities of 10,000-20,000 cells/well. Cells
were maintained in the full growth-BFM medium for 24 hours
followed by incubation with serum-free BFM containing 1%
Penicillin-Streptomycin (P/S) for another 24 hours at 37°C, 5%
CO, to synchronize cell activity. CBD, CBG, and CBVN (Figure 1)
were purchased from Cayman Chemicals (Anne Arbor, MI). We
used concentrations of CBD, CBG, and CBVN ranging from 0-5pg/
ml with or without IL-1B (Invitrogen, CA) at a final concentration
of 1 ng/ml. Indomethacin (10pM) was used as a positive control
with or without IL-1f (1ng/ml).

Detection of Prostaglandin E 2 (PGE2)

The HGFs were seeded in Corning Biostar 96-well polystyrene
flat-bottom plates at a density of 20,000 cells/well in a full-growth
BFM medium. This medium was removed after 24 hours and
replaced with 100 pl of serum-free BFM containing P/S for another
24 hours to synchronize the cells. On the third day, wells received
100 pl of serum-free BFM with 1% P/S containing CBD, CBG, or
CBVN. As a positive control, final concentration of indomethacin
(Caymen Chemicals, MI) was 10uM with or without IL-1 (1 ng/
ml) The conditioned medium was removed after 24 hours and
added to CisBio HTRF PGE2 assay that was used per manufacturer
recommendation to measure prostaglandin E2 levels (Cisbio PGE2
kit).

Data Analysis

All data represent an average of 6 replicates per determinant.
Data were analyzed using GraphPad Prism 6.0 using the One-way
ANOVA test with Bonferroni’s correction. Statistical significance
values were set at P < 0.05.

Results
Evaluation of Effects of CBD on Prostaglandin Activity

The endocannabinoids like arachidonic acid are substrates
for the cyclo-oxygenase (COX) enzymes [25]. To assess the effects
of pCB CBD on PGE2 production, we treated HGF with 1 ng/ml
of IL-1B leading to higher levels of PGE2 (p<0.0001) after 24
hours of treatment (Figure 2). The pCB treatment was preceded
by stimulation with IL-1f for an hour before the addition of
the CBD. CBD exhibited suppression of PGE2 at 0.1-0.75 pg/ml
(p<0.01), while significantly increasing PGE2 levels at 1.0-5.0 ug/
ml (p<0.0001). To validate our results, we used a positive control
by stimulating the cells with 1 ng/ml IL-1f3 and indomethacin (10
uM). IL-1B significantly increased PGE2 levels, while indomethacin,
which is a nonselective-inhibitor of COX enzyme, decreased PGE2
levels significantly under IL-1(3-stimulation in HGFs (Figure 2-4).

How to cite this article: Vinay J, Undral M, Amal S, Mustafa Kh D, Vrushali A. The Anti-Inflammatory Effects of Phyto Cannabinoids on IL-1B-induced
PGE2 Production in Gingival Fibroblasts. Adv Dent & Oral Health. 2023; 16(4): 555944. DOI:10.19080/ADOH.2023.16.555944


http://dx.doi.org/10.19080/ADOH.2023.16.555944

Advances in Dentistry & Oral Health

Cannabidiol

Cannabidivarin

Cannabigerol

OH

Figure 1: The Structure of Cannabidiol (CBD), Cannabidivarin (CBDV), and Cannabigerol (CBG)
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Figure 2: The Effects of CBD on PGE2 Levels in HGFs.

P<0.0001, ns = not significant.

HGFs were treated with IL-1B (1ng/ml) and CBD (0.1-5 pg/ml) and then assayed for expression of PGE2 24 hours later in a CisBio
PGE2 HTRF kit. We used a positive control by stimulating the cells with 1ng/ml IL-18 and 10uM indomethacin. The plates were
analyzed for PGE2 levels according to the manufacturer’s instructions using BioTek Synergy 2 Multi-detection Microplate Reader.
The data are presented as the mean of 6 biological replicates and the error is the SEM. (*) P<0.05, (**) P<0.01, (***) P<0.001, (****)

Evaluation of Effects of CBVN on Prostaglandin Activity

To evaluate the effects of pCB CBVN on PGE2 production, we
treated HGF with 1 ng/ml IL-18 which led to a significant increase
in PGE2 levels following 24 hours of treatment (Figure 3). The pCB
treatment was preceded by stimulation with IL-1f for an hour
before the addition of the CBVN. While CBVN exhibited significant
decrease in PGE2 levels at 0.1-1.0 pg/ml (P<0.0001, p<0.05,
p<0.05, p<0.05, p<0.0001 respectively) it induced higher levels of
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PGE2 at 2.0-5.0 pg/ml (p<0.0001)
Evaluation of Effects of CBG on Prostaglandin Activity

To observe the effects of pCB CBG on PGE2 production, we
treated HGF with 1 ng/ml of IL-1f3 which induced an increase
in PGE2 levels (p<0.0001) after 24 hours of treatment (Figure
4). The cells were pre-stimulated with IL-1B for an hour before
the addition of the CBG. The data showed that CBG significantly
suppressed PGE2 levels at 0.3-1.0 ug/ml (p<0.0001).
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Figure 3: The Effects of CBVN on PGE2 Levels in HGFs.

HGFs were treated with IL-13 (1ng/ml) and CBVN (0.1-5 pg/ml) and then assayed for expression of PGE2 24 hr later in a CisBio
PGE2 HTREF kit. We used a positive control by stimulating the cells with 1ng/ml IL-138 and 10uM indomethacin. The plates were
analyzed for PGE2 levels according to the manufacturer’s instructions using BioTek Synergy 2 Multi-detection Microplate Reader.
The data are presented as the mean of 6 biological replicates and the error is the SEM. (*) P<0.05, (**) P<0.01, (***) P<0.001, (****)
P<0.0001, ns = not significant.
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Figure 4: The Effects of CBG on PGE2 Levels in HGFs.

HGFs were treated with IL-18 (1ng/ml) and CBG (0.1-5 pg/ml) and then assayed for expression of PGE2 24 hr later in a CisBio
PGE2 HTRF kit. We used a positive control by stimulating the cells with 1ng/ml IL-18 and 10uM indomethacin. The plates were
analyzed for PGE2 levels according to the manufacturer’s instructions using BioTek Synergy 2 Multi-detection Microplate Reader.
The data are presented as the mean of 6 biological replicates and the error is the SEM. (*) P<0.05, (**) P<0.01, (***) P<0.001, (****)
P<0.0001, ns = not significant.

Discussion somatosensory nerve in inflamed areas consequently perceived
as pain 18. The modulation of fibroblasts can be regulated by
macrophages, which are involved in promoting and resolving
inflammation, wound healing, and host defense [28]. Therefore,
human gingival fibroblasts (principal cells of the periodontium)
serve as a good model to study inflammatory response. A
wide range of effects are attributed to the ECS playing a role in
cognition, memory, neurotransmission, modulation of cytokines,
immune cell migration, and wound healing [29]. The endogenous
cannabinoid, anandamide (AEA), enhances fibroblastic
proliferation and tissue healing [30]. Owing to these benefits
exhibited by cannabinoids, CBD, CBVN, and CBG concentration-
dependent responses were examined as part of this study. Oral

During periodontal inflammation, upregulation of pro-
inflammatory cytokines, prostaglandins, and other inflammatory
markers are produced by fibroblasts [26,27] and can be clinically
measured in the gingival crevicular fluids. Pathogens breach
the mucosal epithelial barrier, gaining access to the underlying
connective tissue in which gingival fibroblasts are the most
abundant cell type. These fibroblasts become the gatekeepers of
inflammatory pathway signaling and help produce extracellular
matrix proteins, cytokines, and enzyme-like MMPs, which play
an important role in the homeostasis of the gingiva. Fibroblasts
are known to upregulate PGE2 [17], and the effects of PGE2
cause vasodilation and vascular permeability affecting the

m How to cite this article: Vinay J, Undral M, Amal S, Mustafa Kh D, Vrushali A. The Anti-Inflammatory Effects of Phyto Cannabinoids on IL-1B-induced
PGE2 Production in Gingival Fibroblasts. Adv Dent & Oral Health. 2023; 16(4): 555944. DOI:10.19080/ADOH.2023.16.555944


http://dx.doi.org/10.19080/ADOH.2023.16.555944

Advances in Dentistry & Oral Health

fluids can vary in concentrations of pCBs after smoking and can
reach levels near 1pg/ml (1,338 and 1,041 pg/L) [31]. Smoking or
oral administration of cannabis (CBD and THC levels) can increase
10-20-fold upon continuous smoking, and ranges can vary within
the population [32]. There is a grave concern in dentistry about
the misuse of cannabinoids that could potentially cause bacterial
dysbiosis, immunomodulation, and compromise cell vitality [24].

However, if used appropriately they serve to hold a great
therapeuticpotential. Theresultsofthe presentstudy demonstrated
the ability of pCBs to inhibit PGE2 which is associated with
inflammatory pain. We previously explored CBD, CBG, and CBVN,
and only CBG and CBVN showed significant suppression of IL-13
stimulated PGE2. CBD was responsible for elevating PGE2 levels
at the concentration of 1ug/ml 19. In the current study, all three of
the pCBs, CBVN, CBG, and CBD all showed significant suppression
of IL-1B stimulated PGE2 in HGFs at lower concentrations under
IL-1B stimulation, while proinflammatory activities were seen
at higher concentrations. CBVN exhibited the most significant
decrease of PGE2 levels at lower concentrations, but significantly
elevated PGE2 levels at 2.0-5.0 pg/ml. Meanwhile, CBG also
showed a similar trend and significantly suppressed PGE2 levels
at 0.3-1.0 pg/ml. CBD exhibited suppression of PGE2 at 0.1-0.75
pg/ml and exhibited a significant increase in PGE2 levels at higher
concentrations in HGFs. A study shows that pCBs have the ability
to modulate the COX enzyme activity, in which cannabidiolic acid
(CBDA), achemical precursor of CBD [16] stimulates prostaglandin
production, while in the same study, CBD and CBG exhibit
reduction of prostaglandins at a high concentration (2.0-107° M).
Within the parameters of this study, a higher concentration of
pCBs exhibits an increase in PGE2 within the HGFE. It is plausible
if we further increased the concentration of pCBs, there may be a
reduction in inflammation and a similar pattern may be exhibited
as the aforementioned study. Furthermore, Qi X et al,, [33] have
demonstrated that the CBD oral spray on acid- or trauma-induced
oral ulcers on mice tongue inhibits inflammation, relieves pain,
and accelerates wound closure.

The authors also reported an intriguing pathway whereby
CBD decreases the expression of cytidine /uridine monophosphate
(CMP), which in turn inhibits the generation of oxidized
mitochondrial DNA and suppresses inflammasome activation.
This suppression is mediated mostly by PPARy in the nucleus
and partially by the CB1 receptor [33]. This study also reported
that the therapeutic effects were not restricted to a lower (1mg/
ml) or higher dose (10mg/ml) of the CBD oral spray application.
The higher dose of CBD topical administration however did show
better benefits on oral ulcer healing without toxicity. The animal
model used for oral ulcers complements our design as CBD topical
application significantly alleviated the release of inflammatory
cytokines such as IL-1f [33], which is the proinflammatory
stimulus used in our study. In addition, it is noteworthy that pCBs
not only have the capacity to reduce prostaglandins to alleviate
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pain but can affect the signal transduction of chemical and physical
stimuli (i.e., tooth pain) [34] through transient receptor potential
(TRP) channels including TRP vanilloid, TRP ankyrin, and TRP
mela statin subfamilies [35], thereby alleviating pain stimuli in
more than one way. The overall anti-inflammatory effects of pCBs
on IL-1f-stimulated HGFs suggest that specific concentrations
of pCBs may be useful in treating inflammatory pain and could
be used therapeutically as an analgesic for the oral cavity. More
studies are needed to expand our current knowledge of pCBs and
their effects on oral tissues to evaluate their potential in treating
or preventing oral pathologies and management of pain.

Conclusion

The crosstalk between the eicosanoid and endocannabinoid
systems has the potential to be a therapeutic option for the
management of inflammation and pain. However, it is important
to understand the limitations of each pCBs, at lower doses pCBs
show a reduction of PGE2 levels, while increasing PGE2 at higher
doses. These effects may be tissue or cell-specific; therefore, more
study needs to be performed to understand the full potential of
pCBs for oral treatment or management. The pCBs alone or in
combination may benefit the development of new therapeutic
strategies for pain management and periodontal therapy aiding in
improving public oral health.
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