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Background: Cannabidiol (CBD) is a non-psychoactive phytocannabinoid constituent of Cannabis sativa with pain-relieving and
anti-inflammatory properties. With the emphasis on natural ingredients in cosmetics, CBD has become a new cosmetic ingredient due
to its ability to alleviate inflammation. However, in-depth studies that directly compare the effective mechanism and the therapeutic
potential of CBD are still needed.

Purpose: The aim of the present study was to investigate the anti-inflammatory effect of CBD in lipopolysaccharide (LPS)-stimulated
RAW264.7 macrophages and compare it to dexamethasone (DEX).

Methods: RAW264.7 macrophages in the logarithmic growth phase were incubated in the presence or absence of LPS. After that, the
production of nitric oxide (NO), interleukin-6 (IL-6), and tumor necrosis factor-o. (TNF-a) were measured. A luciferase reporter assay
for nuclear factor kappa B (NF-kB) was performed, and the phosphorylation levels of the mitogen-activated protein kinase (MAPK)
and NF-«B signaling pathways were measured.

Results: The present study indicated that CBD had a similar anti-inflammatory effect to DEX by attenuating the LPS-induced
production of NO, IL-6, and TNF-a. However, only CBD attenuated JNK phosphorylation levels, and only DEX attenuated IKK
phosphorylation levels.

Conclusion: These results suggested that CBD and DEX exhibit similar anti-inflammatory effects on LPS-induced RAW264.7
macrophages mainly through suppressing the MAPK and NF-kB signaling pathways, but with different intracellular mechanisms.
These findings suggested that CBD may be considered a natural anti-inflammatory agent for protecting skin from immune disorders.
Keywords: cannabidiol, dexamethasone, LPS, RAW264.7, anti-inflammation

Introduction
Inflammation is a sign of the immune system response to invading pathogens.! The inflammatory response is connected
and highly involved in various diseases such as psoriasis, atopic dermatitis, pancreatitis, and rheumatoid arthritis.>*
Macrophages, as the main pro-inflammatory cells, play a central role in protection from external intruders.
Lipopolysaccharide (LPS) is an outer membrane component of Gram-negative bacteria that induces the release of
proinflammatory cytokines.>® Several studies have reported that LPS-induced macrophages activate a complex signaling
network through toll-like receptor (TLR) including nuclear factor kappa B (NF-kB) and mitogen-activated protein kinase
(MAPK) signaling pathway.” Moreover, the activated macrophages secrete various pro-inflammatory cytokines, such as
nitric oxide (NO), interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a).>’

Dexamethasone (DEX) is a well-documented immuno-suppressant drugs have benefits patients with inflammation,
dermatitis, and allergies.'® ' As a potent glucocorticoid, DEX is well tolerated with most conditions, but it has several
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adverse effects including weight gain, vomiting, and indigestion.'? In recent years, there has been increasing attention
focused on the anti-inflammatory effect of natural compounds due to their minimal side effects.”* '

Cannabidiol (CBD) as the second most prevalent activate component in cannabis, has anti-inflammatory properties in
treating various types of inflammation diseases, including airway inflammation, arthritis, intestinal inflammation, and
skin inflammation.'®'® The dysregulation of the endocannabinoid system (ECS) in human skin is related to various skin
disorders including atopic dermatitis, acne, and hyperpigmentation.”’ Recent research found that CBD is able to inhibit
the dysregulation of ESC in a dose-dependent manner.?"*? Furthermore, CBD has therapeutic properties to reduce the
addictive effects of some drug abuse.”*** The safe, pain-relieving, and anti-inflammatory properties of CBD have been
considered of special interest as a novel therapeutic agent in the dermatology and cosmetics market.”>

Although there is evidence suggests that the application of CBD may have a similar anti-inflammatory property to
other immuone-suppressant drugs for some skin disorders and inflammatory condition, the underlying molecular
mechanisms of CBD still need fully identified. The similarities and dissimilarities of their inflammatory response
pathways need additional comparative study. The present study aimed to explore the anti-inflammatory mechanism

and the therapeutic potential of CBD by comparison to DEX.

Materials and Methods

Reagents

CBD was obtained from Yunnan Baiyao Group Health Products Co., Ltd. The Escherichia coli (O111:B4) LPS was
purchased from Sigma-Aldrich (St. Louis, MO, USA). The mouse macrophage cell line RAW264.7 cells and the human
colorectal tumor cell lines SW480 cells were purchased from American Type Culture Collection, USA. Dulbecco’s
Modified Eagle Medium (DMEM), L-glutamine, penicillin, streptomycin, and fetal bovine serum (FBS) were purchased
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from EallBio Life Sciences Co., Ltd., Beijing, China. All antibodies in the Western blot were purchased from Abcam.
ELISA kits and other chemicals were purchased from Solarbio Life Sciences, Beijing, China.

Cell Culture and Cell Viability

RAW264.7 cells in the logarithmic growth phase were seeded into 6-well cell culture plates at a density of 2x10° cells/
mL and incubated overnight at 37°C with 5% CO,. After reaching 70-80% confluency, the supernatant of each well was
transferred and incubated in ImL DMEM supplemented with 100 IU/mL penicillin, 100pg/mL streptomycin, and FBS.
CBD was dissolved in dimethyl sulfoxide (DMSO). Subsequently, each well treated with various concentrations of CBD
(0.002, 0.004, 0.008, 0.02, 0.04, 0.08, and 0.16 mg/mL) or 0.05 mg/mL DEX. After 6 hours of incubation, 10 pg/mL LPS
was supplied for 24 h. Cells treated with vehicle (DMSO) and without LPS were considered as the Control group.

For sulforhodamine-B (SRB) assays, each well was incubated with 100 pL of 0.4% (w/v) SRB, and the plates were
shaken for 10 min on an orbital shaker. After that, cells were dissolved in 150 pL of 10 mM Tris base (pH 10.5) for 5 min
with shaking. The absorbance at 540 nm was measured on a microplate reader (Biotek, Winooski, VT, USA). The
percentage of viable cells is calculated using the following equation:

Total number of viable cells with treatment (A540nm)

Viable cells =
/iViable cells Total number of viable cells without treatment (4540nm)

x 100%

Measurement of NO, IL-6, and TNF-a Production

RAW264.7 cells were harvested with 0.25% trypsin and maintained in DMEM supplemented with a dissociation solution
(0.25% trypsin) and 10% FBS. The cells were seeded into a 96-well plate with a density of 1.2x10° cells/well at 37°C in
a 5% CO, atmosphere for 12 h. After the pellet was treated with 10 ug/mL LPS and with 0.02 mg/mL CBD at 37°C in
a 5% CO, atmosphere for 24 h. For a nitrite assay, each culture medium was mixed with 50uL Griess Reagent I and 50uL
Griess Reagent II in a 96-well plate at room temperature. The absorbance of nitrite levels was measured at 540 nm. To
determine the effects of CBD and DEX on the production of IL-6 and TNF-a, the supernatant was collected at 100,000 1/
min for 10 min at 4°C. The cytokine production in the cell culture medium was measured using an ELISA kit according
to the manufacturer’s instructions.

Luciferase Assays

SW480 cells were cultured at 37°C in humidified 5% CO, conditions until they reaching 70-90% confluence. For cell
transfection, reporter DNA was mixed with Lipofectamine 3000 reagent in Opti-MEM at room temperature for 24 h. The
generation of stably transfected cell lines were generated by selection and maintained in media containing G418. Stably
transfected cells in the logarithmic growth phase were seeded and cultured in 24-well plates at 37°C in a 5% CO,
atmosphere. Cells were then treated with or without CBD and DEX separately for 6 hours. The protein concentration was
determined by the BCA protein assay kit (Beijing, China). The luciferase activity was normalized.

Western Blotting

The amount of protein in cells was collected by centrifugation at 1200 rpm at 4°C for 10 min. The concentration of the
protein was determined by a BCA assay kit, according to the manufacturer’s instructions. The sample was separated by
SDS-PAGE gel electrophoresis. The membranes were blocked with non-fat milk for 30 min and incubated with primary
antibodies overnight at 4°C in a shaking incubator. After that, the membranes were probed with specific primary
antibodies (JNK, p-JNK, ERK, p-ERK, IKKB, p-IKKo/fB, p65, p-p65, TLR4, and B-actin). Protein bands were visualized
using the chemiluminescence detection system (Clinx Company, ChemiScope 6300). The densitometry for the Western
blot signal was conducted using the AlphaEaseFC gel-scanning integrated optical density software.

Statistical Analysis
Each experiment was repeated three times. The data were presented as means + standard deviation (SD). The normality
test of all statistical determinations were analyzed by the Shapiro—Wilk normality test. The differences between the
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results were analyzed by one-way analysis of variance (ANOVA) followed by a Tukey-Kramer test for post hoc
comparison. All statistical analyses were performed using GraphPad Prism software. The significant difference compared
to control group was indicated by *p<0.05, *p<0.01, and **p<0.001. The significant difference compared to the LPS
treated group was indicated by * p<0.05, ** p<0.01, and *** p<0.001.

Results
Effect of CBD on RAW264.7 Cell Viability

To assess the cytotoxic effect of CBD, SRB assays were performed in RAW264.7 cells treated with various concentra-
tions of CBD (0.002, 0.004, 0.008, 0.02, 0.04, 0.08, and 0.16 mg/mL). As shown in Figure 1, the RAW264.7 cell viability
was decreased in a concentration-dependent manner and inhibited at the doses of 0.04 to 0.16 mg/mL. The concentration
of CBD that yielded cell viability higher than 80% was 0.02 mg/mL, therefore that concentration was utilized in
subsequent experiments.

The Anti-Inflammatory Effects of CBD and DEX on LPS Stimulated RAW264.7 Cells
To investigate the potential anti-inflammatory effects of CBD and DEX, the NO levels produced by RAW264.7 cells were
measured. Compared with untreated cells, the production of NO increased by approximately 5-fold with LPS treatment
(Figure 2A). However, the production of NO significantly decreased in the cells pre-treated with CBD and DEX. To
compare the inhibitory effects of CBD and DEX on pro-inflammatory cytokines IL-6 and TNF-a, ELISAs were used to
evaluate the levels of cytokines released by LPS stimulation of RAW?264.7 cells (Figure 2B and C). Treatment with CBD
and DEX significantly inhibited the LPS-induced levels of IL-6 and TNF-q.

CBD and DEX Inhibit the LPS-Stimulated NF-«xB Signaling Pathway

To elucidate the mechanism of LPS-induced NO production, the expression of luciferase was used to analyze the activation
of NF-kB. Compared to the control group, the expression of NF-kB was significantly suppressed with CBD and DEX
treatment (Figure 3A). NF-kB is known to transactive inflammatory cytokines to be activated by IKKo/p and p65.%° To
further investigate the mechanism of CBD and DEX inhibition of the pro-inflammatory cytokines, the IKKa/p and p65 in
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Figure | Effects of CBD on cell viability in RAW264.7 cells induced by LPS. Data are expressed as the meantSD of three independent experiments.
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Figure 2 Effects of CBD and DEX on (A) NO production, (B) IL-6, and (C) TNF-a production in RAW264.7 cells induced by LPS. Data are expressed as meanSD of three
independent experiments. The significance difference of LPS vs Blank group *#p<0.001; the significance difference CBD-treated group or DEX-treated group vs LPS treated

group *p<0.05, **p<0.01, and ***p<0.001.
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Figure 3 Regulatory effect of CBD and DEX on the NF-kB pathway in LPS-induced RAW264.7 cells. Data are expressed as the meantSD of three independent
experiments. (A) NF-kB luciferase activity after treatment of RAW264.7 cells with CBD or DEX. (B) Western blot analysis of the expression of p-IKKa/f, IKKp, p-p65, p65,
and actin in the presence or absence of CBD or DEX in RAW264.7 cells. (C) Densitometry for p-IKKa/p levels normalized to total IKKp. (D) Densitometry for p-p65 levels
normalized to total p65. The significance difference of LPS vs Blank group #p<0.05, #p<0.01, and ##p<0.001; the significance difference CBD-treated group or DEX-treated

group vs LPS treated group ***p<0.001.
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Figure 4 Regulatory effect of CBD and DEX on the MAPK pathway in LPS-induced RAW264.7 cells. Data are expressed as the mean£SD of three independent experiments.
(A) Western blot analysis of the expression of p-JNK, JNK, p-ERK, ERK, and actin in RAW264.7 cells. (B) Densitometry for p-JNK levels normalized to total JNK levels. (C)
Densitometry for p-ERK levels normalized to total ERK levels. The significance difference of LPS vs Blank group *p<0.001; the significance difference CBD-treated group
or DEX-treated group vs LPS treated group *p<0.05, **p<0.01, and ***p<0.001.

LPS-induced RAW264.7 cells were examined by Western blot analysis. As shown in Figure 3B, the level of phosphorylated
IKKo/B and p65 were increased with LPS treatment when compared with untreated cells. Figure 3C and D suggest that the
anti-inflammatory activity of DEX was due to inhibition of the LPS-induced phosphorylation of IKKo/B and p65, whereas
treatment with CBD only inhibited p65 phosphorylation but was not directly related to the phosphorylation of IKKa/p.

CBD and DEX Modulate the MAPK Signaling Pathways in LPS-Induced RAW?264.7
Cells

Several research indicated that MAPK also participates in the regulation of NF-«B transcriptional activity through kinase
pathways, including JNK and ERK signaling pathways.***' To further determine the potential molecular pathways of
anti-inflammatory activities of CBD and DEX, the phosphorylated levels of JNK and ERK were examined by Western
blot (Figure 4A). The results suggest that the stimulation with LPS increased the phosphorylation levels of JNK and
ERK. As shown in Figure 4B and C, CBD-treated cells markedly suppressed the LPS-induced inflammation by activating
the phosphorylation of JNK and ERK. DEX also decreased the LPS-induced inflammation by increasing the phosphor-
ylation levels of ERK. However, no inhibitory effects on JNK phosphorylation were observed with pretreated DEX in
LPS-induced RAW264.7 cells. Therefore, these findings suggested that CBD modulates the activation of the MAPK
pathway through JNK and ERK signaling pathways, whereas DEX only influences the ERK signaling pathway.

Discussion

To further evaluate the mechanisms by which CBD inhibits inflammatory production we examined the LPS-induced
macrophage cells pretreated with CBD and compared them to LPS-induced macrophages pretreated with DEX. To
establish the inflammatory model, we treated RAW264.7 cells with 10 ug/mL LPS to mimic the inflammatory micro-
environment, which allowed the investigation of the anti-inflammatory effect of CBD and DEX. LPS-induced macro-
phages release various pro-inflammatory mediators, which may cause extensive tissue damage and pathological

11,32-34
changes.''*7
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The inflammatory model was successfully established with LPS stimulation of RAW264.7 cells as indicated by
increases in the secretion of the following inflammatory components: NO which is the key pro-inflammatory mediator;
IL-6 which is the major pro-inflammatory cytokine; and TNF-a which is the earliest endogenous mediator of inflam-
matory reaction.>>° Our results showed that CBD has a similar anti-inflammatory effect to DEX in suppressing the LPS-
induced the levels of NO, IL-6, and TNF-a secretion.

We further investigated the signaling pathway involved in the pro-inflammatory induction. Multiple studies regarding
LPS induction have suggested that LPS activate the MAPK and NF-kB signaling pathways.>’*® Luciferase assays
indicated that the suppression mechanism of CBD and DEX involves the inhibition of NF-kB signaling. However, the
pro-inflammatory response patterns of CBD and DEX varied. CBD modulated the MAPK and NF-«xB signaling pathways
by decreasing the phosphorylation levels of p65, INK, and ERK, whereas the suppression pattern of DEX involves
IKKa/B, p65, and ERK. The phosphorylation level of the p65 subunit was slightly higher in CBD-treated RAW264.7
cells compared to DEX-treated RAW264.7 cells.

These differences probably may attribute to the different effects of CBD and DEX on other activities of RAW264.7
cells. Previous studies have also indicated that CBD, as one of the most abundant active components isolated from
Cannabis sativa, can possess the anti-inflammatory effects on LPS-stimulated macrophage cells.***' Moreover, the
limited clinical comparative study suggested that the topical application of CBD may be efficacious for several
inflammatory skin conditions including acne vulgaris and atopic dermatitis.*>** However, the underlying molecular
mechanisms of CBD have yet to be fully identified and the in-depth studies that directly compare the effective
mechanism and the therapeutic potential of CBD are still needed.

Inflammation is a complex protective response, including responses from immune cells, to defend the body from
harmful agents by triggering a variety of factors.***> RAW264.7 cell macrophages, which represent a type of immune
cell, has been widely used in the investigation of inflammatory response mechanisms and the etiology of
inflammation.**” In the present study, CBD suppressed the inflammatory responses by targeting the JNK, whereas
DEX suppressed the inflammatory responses by targeting a pathway other than JNK pathway. JNK has been considered
a potential therapeutic target for many diseases including skin fibrosis, psoriasis, and skin inflammation.*® Thus, this
result suggested that CBD could be valuable for the prevention and treatment of JNK-related inflammatory disease.

Conclusions

As alternative and complementary therapies grow in dermatology, plant extracts such as CBD have garnered significant
attention in dermatology. The present study provided new insight of CBD against LPS-induced inflammation. Our results
suggested that CBD and DEX suppress the LPS-induced activation of the MAPK and NF-«B signaling pathways in
RAW264.7 cells through different intracellular components, indicating that the anti-inflammatory biological mechanism
of CBD is different from other immuno-suppressants. Because macrophages exert various pro-inflammatory functions
through multiple intracellular pathways, further in vivo and in vitro studies are necessary to enrich the theoretical
knowledge of CBD and promote its future clinical application.

Abbreviations
CBD, cannabidiol; DEX, dexamethasone; LPS, lipopolysaccharide; DMSO, dimethyl sulfoxide.
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