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Oxidative stress is an imbalance of reactive oxygen species (ROS) and antioxidant defenses resulting in cell damage and chronic inflammation. ROS are unstable oxygen molecules produced during regular metabolic 
processes in the cell or accumulated from exogenous sources, including radiation, infection, and a high-fat diet. Chronic oxidative stress contributes to many disease state pathologies, including neurodegenerative 
disorders, cardiovascular disease, diabetes, and cancer. All cells express nuclear factor-erythroid 2-related factor 2 (Nrf2) to mitigate excess ROS production. Nrf2 is a transcription factor that promotes the expression of 
antioxidant enzymes, such as heme oxygenase-1 (HO-1). Our study targets the expression and activation of Nrf2 in cells treated with L2, a compound created by Dr. Kayla Green (TCU Chemistry) and her colleagues. 
Our lab previously demonstrated the antioxidant capability of L2 and its ability to protect microglial and neuronal cells from oxidative stress. Our current research aims to examine the therapeutic potential of this 
compound by monitoring Nrf2 and antioxidant levels in macrophages and microglia. This research could provide preliminary evidence for the efficacy of this compound as a treatment option for oxidative stress 
diseases. 
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The Effects of Antioxidant Therapy on Nuclear Factor Erythroid 
2-Related Factor 2 (Nrf2) Expression in Phagocytic Cells 

• Immortalized BV2 microglial cells and RAW 264.7 macrophage cells were 
cultured in complete DMEM media and maintained at 37 ºC and 5% CO2. 
Cells were passed around 80% confluency .

• Cells were treated with 10 µM L2 for varying timepoints (0, 1, 2, 3, 6, 12, 
or 24 hours). Following treatment, cells were lysed, and protein levels were 
analyzed using Western blots. 

• Repeat experiments for statistical analysis and replicate experiments using 
other novel compounds created by Dr. Green and colleagues. 

• Analyze nuclear Nrf2 levels and mRNA levels to investigate potential L2 
mechanisms. 

• Nrf2 increases following L2 treatment.
• Ubiquitinated Nrf2 decreases following L2 treatment.
• HO-1 levels increase following L2 treatment. 
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Figure 3. Evaluation of Nrf2 and HO-1 levels. RAW 264.7 cells were treated 
with 10 µM L2 for 0, 1, 3, 6, 12, or 24 hours. Western blots were used to 
analyze the concentration of (a) Nrf2 and (b) HO-1. Densitometric estimation 
was conducted using b-actin as a loading control. 

Figure 3. Evaluation of Nrf2 and ubiquitinated Nrf2 levels in (a) BV2 
and (b) RAW 264.7 cells. Cells were treated with 10 µM L2 for 0, 1, 2, 
3, 4, or 5 hours. Western blots were used to analyze Nrf2 concentration 
and densitometric estimation was conducted using b-actin as a loading 
control. (c) Bands appearing at 68 kD is native Nrf2 and bands 
appearing at 100 kD is likely ubiquitinated Nrf2. 

Figure 3. The Nrf2 pathway and regulation mechanisms. 
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Figure 1. An imbalance between ROS and 
antioxidant defenses in oxidative stress.
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Figure 2. L2 antioxidant 
defense properties. 

Ichimura, Y., Waguri, S., Sou, Y. S., Kageyama, S., Hasegawa, J., Ishimura, R., Saito, T., Yang, Y., Kouno, T., Fukutomi, T., Hoshii, T., Hirao, A.,
Takagi, K., Mizushima, T., Motohashi, H., Lee, M. S., Yoshimori, T., Tanaka, K., Yamamoto, M., & Komatsu, M. (2013). Phosphorylation of
p62 activates the Keap1-Nrf2 pathway during selective autophagy. Mol Cell, 51(5), 618-631. https://doi.org/10.1016/j.molcel.2013.08.003

Johnston HM, Pota K, Barnett MM, Kinsinger O, Braden P, Schwartz TM, Hoffer E, Sadagopan N, Nguyen N, Yu Y, Gonzalez P, Tircsó G, Wu H, Akkaraju G,
Chumley MJ, Green KN. Enhancement of the Antioxidant Activity and Neurotherapeutic Features through Pyridol Addition to Tetraazamacrocyclic
Molecules. Inorg Chem. 2019 Dec 16;58(24):16771-16784. doi: 10.1021/acs.inorgchem.9b02932. Epub 2019 Nov 27. PMID: 31774280; PMCID:
PMC7323501.

Zhang DD, Lo SC, Cross JV, Templeton DJ, Hannink M. Keap1 is a redox-regulated substrate adaptor protein for a Cul3-dependent ubiquitin ligase
complex. Mol Cell Biol. 2004 Dec;24(24):10941-53. doi: 10.1128/MCB.24.24.10941-10953.2004. PMID: 15572695; PMCID: PMC533977.

68 kD ~100 kD

Neurobiology of Aging
Research Labs

https://doi.org/10.1016/j.molcel.2013.08.003

