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Tocotrienols provide direct neuroprotection
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tocotrienols more effective than tocopherol in preventing glutamate-induced neuronal deathuptake of tocotrienols better than tocopherola function independent of its antioxidative properties [inhibits Src kinase signaling pathway responsible for glutamate induced death](A) mouse hippocampal neuronal HT4 cells were treated with a-tocopherol (open bar) or a-tocotrienol (solid bar) for 5 min before glutamate challenge. �(B) cells were pretreated with either a-tocotrienol or a-tocopherol for 2 h following which cells were washed twice with PBS and treated with fresh medium containing 10 mM glutamate �
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a-T3 reduced infarct size.Multidrug-resistance protein 1 (MRP-1) clears intracellular oxidised glutathione.MRP1 KO mice presented larger stroke-induced lesion compared with FVB mice after 48 hours reperfusion.C57BL/6 mice were orally gavaged with vitamin-E-stripped corn oil or 50 mg a-TCT/kg body weight for 13 weeks, then MCAO was performed. ��
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Microglia: CNS macrophages
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Distinct gene expression profiles
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Microglia accumulate around areas of damagePositron emission tomography (PET) images depicting microglial activation in the brains of a healthy control (74 years old) and a patient with Alzheimer's disease (65 years old, disease duration of 5 years). The uptake of the [11C]-PK11195 ligand to the peripheral benzodiazepine receptor, which is overexpressed in activated microglia, is shown according to colour scale.Focal subcortical ischaemia



Genetic disorder of microglia 
function

Nasu-Hakola disease in a 46-year-old man. Unenhanced CT (A) shows punctuate 
calcifications in the lentiform nuclei. Axial FLAIR image (B) demonstrates mild 
hyperintensity in the periventricular white matter. Note cortical atrophy.

Costa Leite et al. Arq. Neuro-Psiquiatr. (2014) 72:625
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genetic disorders of microglia function such as Nasu-Hakola disease _DAP12/TREM2 (Paloneva et al., 2002) and hereditary diffuse leukoencephalopathy with spheroids (HDLS) (Rademakers et al., 2012) present with neurodegeneration rather than increased vulnerability to CNS infection or trauma
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Microglia-induced neurotoxicity
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H100 is H2O2 (a ROS)S100 is a NO donorCell viability (MTT reduction assay) and cell injury (LDH activity assay) were examined in cultured primary neurons treated with 100 mM H2O2 (H100), 100 mM SNAP (S100), or both for 24 h. �
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based on doses similar to Sen3 x 105 primary microglia were seeded into 24-well plates and incubated with 5 different doses of -tocotrienol for 24 hrs. Nitrite concentration was determined following co-stimulation with 0.5 g/mL of LPS and 50 ng/mL of IFN-. Results are from a representative of 3 independent experiments.*p<.05 compared to control group of co-stimulated primary microglia cells. #p<.05 compared to control group of unstimulated primary microglia cells; One-way ANOVA with Tukey’s post hoc test. 





δ-tocotrienol inhibits NO production of primary microglia.

Tan & Vidyadaran, unpublished data
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10ug/mL= 25.2uM12.5ug/mL= 31.5uM15ug/mL= 37.8uM 17.5ug/mL= 44.1uM20ug/mL = 50.4uMuM (40% reduction)



Tan & Vidyadaran, unpublished data
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-tocotrienol does not scavenge nitric oxide (NO). Percentage of nitrite accumulation produced by SNP  in the presence or absence of -tocotrienol or PTIO for 150 mins , determined using the Griess assay. PTIO, a standard nitrate scavenger served as the positive control in this assay. Results are expressed as mean ± SD of 4 independent experiments . *p<0.001 compared to media only group; One-way ANOVA with Tukey’s post hoc test. SNP, sodium nitroprusside; PTIO, 2-Phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl 3-oxide. -Tocotrienol inhibits iNOS mRNA expression in primary microglia cells. 5 x 105 of primary microglia were seeded into 6-well plates and incubated with 2 different doses of -tocotrienol for 24 hrs. RNA samples were extracted at 6 hrs following co-stimulation with 0.5 µg/mL LPS and 100 u/mL IFN-.  The control group consisted of co-stimulated primary microglia that did not receive -tocotrienol. Results are expressed as mean of Log2 value ± SD of 3 independent experiments *p<.05; **p<.01 compared to control group of co-stimulated primary microglia cells;  Welch’s t-test. EtOH, ethanol 0.1%.-tocotrienol inhibits iNOS protein expression in BV2 microglia cells. 2 x 105 BV2 microglia cells were seeded into 6-well plates and incubated with 2 different doses of -tocotrienol (15 and 17.5 mg/ml) for 24 hrs. Protein samples were extracted at 24 hrs following stimulation with 1.0 µg/mL LPS. The control group consisted of unstimulated (white colour bar) and LPS-stimulated (black colour bar) BV2 cells that did not receive -tocotrienol. Results are expressed as mean  SD of 2 independent experiments. *p<.05 compared to control group of LPS-stimulated BV2 microglia cells; Welch’s t-test.



% CD40+ microglia
d-T3 
(µg/ml)

Unstimulated LPS-stimulated

0 2.1 53.8
10 1.2 60.9
12.5 1.5 65.6
15 1.2 64.7
17.5 1.1 64.4
20 2.3 72.1

Chabot et al. J Immunol 1999;162:6819-6828

Tan & Vidyadaran, unpublished data
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-Tocotrienol increases CD40 expression of co-stimulated primary microglia cells. Primary microglia cells were treated with -tocotrienol for 24 hrs and CD40 expression of the cells were acquired 72 hrs following LPS/IFN- stimulation by immunophenotyping via flow cytometry. Numbers within the upper right region of plots indicate the percentage of CD40+ cells. Results are expressed in percentage and are representative of 3 independent experiments. -Tocotrienol increases CD40 median fluorescence intensity (MFI) of co-stimulated primary microglia cells. Primary microglia cells were treated with -tocotrienol for 24 hrs and CD40 MFI of the cells were acquired 72 hrs following LPS/IFN- stimulation by immunophenotyping via flow cytometry. Results are expressed in mean  SD of 3 independent experiments. ###p<.001 compared to control group of unstimulated microglia cells. **p<.01 compared to control group of co-stimulated microglia cells; One-way ANOVA with Tukey’s post hoc test. EtOH, ethanol.



Tan & Vidyadaran, unpublished data
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Figure 4.10. The higher dosage of -tocotrienol does not inhibit production of TNF- in primary microglia cells. 5 x 105 of primary microglia were seeded into 6-well plates and incubated with 2 different doses of -tocotrienol for 24 hrs. (A) RNA samples were extracted at 6 hrs and (B) cell culture supernatants were collected at 24 hrs following co-stimulation with 0.5 µg/mL LPS and 100 u /mL IFN-. Results are expressed as mean of Log2 value ± SD of 3 independent experiments (A) and mean of pg/mL  ± SD of 3 independent experiments (B). ##p<.01 compared to the control group of unstimulated primary microglia cells; Welch’s t-test. EtOH, ethanol.  



Tan & Vidyadaran, unpublished data
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Reduced by close to 80%Figure 4.12. -tocotrienol significantly inhibits expression of IL-1b in co-stimulated both at the mRNA and protein levels. 5 x 105 of primary microglia were seeded into 6-well plates and incubated with 2 different doses of -tocotrienol for 24 hrs. (A) RNA samples were extracted at 6 hrs and (B) cell culture supernatants were collected at 24 hrs following co-stimulation with 0.5 µg/mL LPS and 100 u /mL IFN-. Results are expressed as mean Log2 values ± SD of 3 independent experiments (A) and mean pg/mL from a representative of 2 independent experiments (B). *p<.05 compared to control group of co-stimulated primary microglia cells. ##p<.01 compared to the control group of unstimulated primary microglia cells; Welch’s t-test.  >75% inhibition



δ-tocotrienol inhibits PGE2 production of primary microglia, 
which appears dependent on COX-2. 

Tan & Vidyadaran, unpublished data
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78% inhibition of PGE2 appears dependent on COX-25 x 105 of primary microglia were seeded into 6-well plates and incubated with 2 different doses of -tocotrienol for 24 hrs. (A) Cell culture supernatants were collected at 24 hrs and (B; C) RNA samples were extracted at 6 hrs following co-stimulation with 0.5 µg/mL LPS and 100 u /mL IFN-. Results are expressed as mean pg/mL  ± SD of 3 independent experiments (A) and mean Log2 values ± SD of 3 independent experiments (B; C). *p<.05 compared to control group of co-stimulated primary microglia cells. ##p<.01; ###p<.001 compared to the control group of unstimulated primary microglia cells; Welch’s t-test. 
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Figure 3.7. Depiction of experiment time points for study of the cellular uptake of -tocotrienol (-T3). 2 x 105 of BV2 microglia cells were seeded into a 6-well plate and left to adhere overnight at 37˚C with 95% humidified air and 5% CO2. Cells were incubated with 17.5 g/mL of -tocotrienol for indicated times, up to 24 hrs. The cellular -tocotrienol content was measured using HPLC with a fluorescent detector. Dotted boxes indicate the 2 approaches: (1) determination of uptake kinetics and (2) therapeutic time point while dotted arrows indicate time points where -tocotrienol contents were extracted from the cells.



Uptake kinetics of δ-tocotrienol in BV2
microglia cells in 24 hrs.

Retention of δ-tocotrienol in BV2 microglia
following removal of δ-tocotrienol.

Tan & Vidyadaran, unpublished data
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BV2 microglia cells were incubated with 17.5 g/mL -tocotrienol for the indicated times. The intracellular -tocotrienol content was measured using HPLC with a fluorescent detector. Results are expressed as mean (mg)  SD of 3 independent experiments.BV2 microglia were incubated with 17.5 g/mL -tocotrienol for 24 hrs. Media containing -tocotrienol was removed and intracellular -tocotrienol contents in BV2 cells were extracted after 24 hrs. Results are expressed as mean (mg)  SD of 3 independent experiments.
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