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Abstract — The flowers of Inula britannica var. japonica (Asteraceae) has been listed in the Korean Herbal Pharmacopoeia as
a medicinal herb used to alleviate cough, phlegm, and gastrointestinal discomfort. Traditionally, it has been prescribed for inflam-
matory disorders such as bronchitis, as well as for metabolic diseases including diabetes and hypertension. Recent pharmacological
studies have validated its traditional uses and revealed novel bioactivities such as anti-inflammatory, antioxidant, anti-obesity,
and neuroprotective effects, largely attributed to its sesquiterpene lactones and flavonoid constituents. To investigate the neu-
roprotective and anti-stress potential of Inulae Flos, the present study employed a corticosterone-induced PC12 cell model,
which mimics stress-induced neuronal dysfunction. In this study, hot-water and ethanolic extracts of Inulae Flos were evaluated
for their protective effects on ROS generation, inflammatory cytokines, apoptosis and neurotrophic signaling including BDNF,
NGF, and CREB activation in corticosterone-induced PC12 cells. The extracts significantly restored cell viability and reduced ROS
production and apoptotic cell death. Western blot analysis revealed that Inulae Flos extracts upregulated the phosphorylation
of CREB and enhanced the expression of BDNF and NGF, while suppressing the phosphorylation of ERK and p38 MAPK
involved in inflammatory signaling. Markedly, Inulae Flos extract increased BDNF expression to the level comparable to the pos-
itive controls, L-theanine and fluoxetine. These findings demonstrate that Inulae Flos exerts a potent neuroprotective effect against
glucocorticoid-induced neuronal stress by modulating oxidative, inflammatory, and neurotrophic pathways. The results suggest
that Inulae Flos extract has promising potential as a functional ingredient for stress alleviation and brain health improvement.
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Fig. 1. Cytotoxicity of hot water (A) and 50%-ethanolic (B) extracts
of Inula britannica flowers in PC12 cells. PC12 cells were treated
with various concentrations of the extracts (50, 100, 200 pg/mL)
for 24 h. The cell viability was measured using an MTT assay.
Results are presented as the mean = S.D. of triplicate experiments.
HW : Hot water.
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Fig. 2. The protective effects of hot water and 50%-ethanolic
extracts of Inula britannica flowers in corticosterone induced
PC12 cells. PC12 cells were treated with corticosterone (400 pM)
for 2 h. The cultures were then treated with various concentra-
tions of Inula britannica extract (50, 100, 200 pg/mL), L-theanine
(1000 pM), Fluoxetine (10 uM) for 24 h. The cell viability was
measured using an MTT assay. Results are presented as the
mean + S.D. of triplicate experiments; ***p<0.001 compared to
CORT cells. *» <0.05 and ***p» <0.001 compared to corticoste-
rone induced PC12 cells. NC : non-treated control, L-the: L-
theanine, Flu: Fluoxetine, CORT: Corticosterone, HW : Hot
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Fig. 3. The effects of hot water and 50%-ethanolic extracts of Inula britannica flowers on the expression of BDNF (A), CREB (B)
and NGF (C) in corticosterone-induced PC12 cells. PC12 cells were treated with corticosterone (400 pM) for 2 h. The cultures
were then treated with Inula britannica (50 pg/mL), L-theanine (1000 uM), Fluoxetine (10 uM) for 24 h. The expression levels of
BDNF and p-CREB in cells were analyzed by western blot. The NGF mRNA expression levels were analyzed by RT-PCR and
normalized to GAPDH levels. Results are presented as the mean + standard deviation of triplicate experiments. *p < 0.05,
**p <0.01 and ***p <0.001 compared to corticosterone-treated cells. NC: non-treated control, CORT : Corticosterone, L-the: L-
theanine, Flu: Fluoxetine, BDNF : Brain derived neurophic factor, CREB : cAMP response element binding protein, NGF : Nerve
growth factor, HW : Hot water.
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Fig. 4. The effects of hot water and 50%-ethanolic extracts of Inula britannica flowers on the expression of p-ERK (A), p-p-38 (B)
in corticosterone-induced PC12 cells. PC12 cells were treated with corticosterone (400 pM) for 2 h. The cultures were then treated
with Inula britannica (100 pg/mL), L-theanine (1000 uM), Fluoxetine (10 uM) for 24 h. The expression levels of p-ERK (A), p-p-
38 (B) in cells were analyzed by western blot. Results are presented as the mean + standard deviation of triplicate experiments.
**p <0.01 and ***p <0.001 compared to corticosterone-treated cells. NC: non-treated control, CORT : Corticosterone, L-the: L-
theanine, Flu: Fluoxetine, HW : Hot water.
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Fig. 5. The effects of hot water and 50%-ethanolic extracts of Inula britannica flowers on H,0,-induced oxidative stress in PC12
cells. PC12 cells were seeded at a density of 1 x 10° cells/well and then stimulated with the 100 pg/mL under hot water and 50%-
ethanolic of Inula britannica extracts for 22 h prior to treatment with 1000 uM H,O, for 2 h. N-Acetylcysein (NAC, 5 mM) was
used as the positive control. (A) Intracellular ROS generation was measured by flow cytometry using a Muse® Oxidative Stress
Kit. Mean percentages of ROS™ (M1; blue) and ROS™ (M2; red) populations are shown. (B) Percentage of ROS negative (ROS")
and ROS positive (ROS") values observed for each treatment. Results are presented as the mean + standard deviation from three
independent experiments. **p < 0.001 vs. the non-treated control (NC) ***p < 0.001 vs. H,0, only-treated group.
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