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Figure 5. CBD Pre-treatment attenuates LPS-
induced TNF-alpha production following 4 
hours of LPS treatment (0.05 μg/mL of LPS).

Introduction

• Block, M. L., & Hong, J.-S. (2005). Microglia and inflammation-mediated neurodegeneration: Multiple triggers with 
a common mechanism. Progress in Neurobiology, 76(2), 77–98. https://doi.org/10.1016/j.pneurobio.2005.06.004

• Horvath, R. J., Nutile-McMenemy, N., Alkaitis, M. S., & Deleo, J. A. (2008). Differential migration, LPS-induced 
cytokine, chemokine, and NO expression in immortalized BV-2 and HAPI cell lines and primary microglial 
cultures. Journal of Neurochemistry, 107(2), 557–569.

• Iuvone T, Esposito G, Esposito R, Santamaria R, Di Rosa M, Izzo AA (2004) Neuroprotective effect of cannabidiol, a 
non-psychoactive component from Cannabis sativa, on beta-amyloid-induced toxicity in PC12 cells. J Neurochem, 
89(1):134–141

• Janefjord, E., Mååg, J. L. V., Harvey, B. S., & Smid, S. D. (2014). Cannabinoid Effects on β Amyloid Fibril and 
Aggregate Formation, Neuronal and Microglial-Activated Neurotoxicity In Vitro. Cellular and Molecular 
Neurobiology, 34(1), 31–42. doi: 10.1007/s10571-013-9984-x

• Kozela, E., Pietr, M., Juknat, A., Rimmerman, N., Levy, R., & Vogel, Z. (2009). Cannabinoids Δ9-
Tetrahydrocannabinol and Cannabidiol Differentially Inhibit the Lipopolysaccharide-activated NF-κB and Interferon-
β/STAT Proinflammatory Pathways in BV-2 Microglial Cells. Journal of Biological Chemistry, 285(3), 1616–1626. 
doi: 10.1074/jbc.m109.069294

• LaFerla, F. M., Green, K. N., & Oddo, S. (2007). Intracellular amyloid-β in Alzheimer's disease. Nature Reviews 
Neuroscience, 8(7), 499–509. doi: 10.1038/nrn2168 

• Nagarkatti, P., Pandey, R., Rieder, S. A., Hegde, V. L., & Nagarkatti, M. (2009). Cannabinoids as novel anti-
inflammatory drugs. Future Medicinal Chemistry, 1(7), 1333–1349. Doi: 10.4155/fmc.09.93

• Stansley, B., Post, J., & Hensley, K. (2012). A comparative review of cell culture systems for the study of microglial 
biology in Alzheimer's disease. Journal of Neuroinflammation, 9, 115.

References

Figure 4. LPS Treatment Induces IL-6 Production in BV2 Cells. N’s =1. 
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• BV2 cells from an immortalized microglia cell line 
were maintained in a cell incubator at 37 degrees 
Celsius 5% CO2. Cells were grown in complete cell 
medium. When the cells became 80-90% confluent, 
they were passaged following our standard protocol.

• LPS Treatment

Figure 6. CBD Pre-treatment attenuates LPS-
induced TNF-alpha production following 4 
hours of LPS treatment (0.005 μg/mL of LPS).
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Figure 3. LPS Treatment Induces TNF-alpha Production in BV2 Cells. ANOVA revealed 
a significant main effect of LPS treatment (μg/ml) on TNF-alpha production at 4, 8, and 24 
hours of LPS treatment, p ≤ 0.001. Different letters (a,b,c,d) represent significant differences at 
p ≤ 0.05. Bars represent mean ± SEM. N’s = 6 – 8.

Alzheimer’s Disease (AD) is a progressive neurodegenerative disease associated with old age and marked by deficits in memory and learning skills. AD pathology is characterized by amyloid-beta (AB) accumulation, which leads to plaque 
formation and ultimately neuronal death. Additionally, AB activates microglial cells, which function as an immune cell in the brain. Microglial cells secrete proteins that induce inflammation, known as pro-inflammatory cytokines. The 
chronic activation of pro-inflammatory cytokines engenders neuroinflammation and oxidative stress, which then further exacerbates AD pathologies. This project aims to study the effectiveness of cannabidiol (CBD) as a potential treatment 
for AD, due to its known anti-inflammatory properties. The overall goal of the research is to demonstrate the capacity of CBD to minimize the immunological mechanisms that drive AD pathologies. Our research will contribute to the 
understanding of the link between the immune system and central nervous system in AD development. AD is the sixth leading cause of death in America, but the availability of therapies is limited. CBD represents a natural and possible 
effective therapy for those suffering from Alzheimer’s disease, and our research will contribute to determining its efficacy.

Figure 1. Cells were seeded on day one. At the start of day 2, cells were treated 
with various concentrations of LPS. Cell supernatant and lysates were collected 
at 4, 8, and 24 hours after LPS treatment.

• CBD Pre-treatment and LPS Treatment

Figure 2. Cells were seeded on day one. At the start of day 2, cells were treated 
with various concentrations of CBD and treated with LPS 4 hours later. Cell 
supernatant and lysates were collected after 4 or 8 hours of LPS treatment.

• Brain microglia function release pro-inflammatory cytokines 
following injury or infection (Horvath et al., 2008; Stansley et al., 
2012). 

• Chronic secretion of pro-inflammatory cytokines contributes to the 
onset and progression of AD (Block & Hong, 2005; LaFerla et al., 
2007).

• Cannabidiol is a cannabinoid that contains both antioxidant and anti-
inflammatory properties (Klein, 2005; Nagarkatti et al., 2009).

• CBD decreases pro-inflammatory cytokine production by microglia 
(Iuvone et al., 2004; Janefjord et al., 2013; Kozela et al., 2009). 

• The current study investigated the ability of CBD to reduce microglial 
production of pro-inflammatory cytokines in response to bacterial 
LPS.

Figure 7. CBD Pre-treatment attenuates LPS-
induced TNF-alpha production following 8 
hours of LPS treatment (0.05 μg/mL of LPS).

Figure 8. CBD Pre-treatment attenuates LPS-induced 
TNF-alpha production following 8 hours of LPS 
treatment (0.005 μg/mL of LPS).

Figure 9. CBD pre-treatment attenuates LPS-induced 
IL-6 production following 8 hours of LPS treatment 
(0.05 μg/mL of LPS).

Figure 10. CBD pre-treatment attenuates LPS-induced 
IL-6 production following 8 hours of LPS treatment 
(0.005 μg/mL of LPS).

• LPS induced an inflammatory response in BV2 
microglial cells.

• CBD pre-treatment effectively reduced LPS-
induced TNF-a and IL-6 production in a dose-
dependent manner.

• These data suggest that CBD could potentially be 
used as a natural, plant-based therapeutic to 
reduce inflammation.

• Further studies are needed to examine the 
potential, therapeutic properties of CBD against 
chronic inflammation and AD. 

Future Studies:
• Determine if CBD activates the Nrf2 cellular 

antioxidant pathway. 
• Determine if CBD inhibits the signaling pathway 

that leads to pro-inflammatory cytokine 
production.

• Determine if CBD induces the production of anti-
inflammatory cytokines, such as IL-4 and IL-10.
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