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Obesity is associated with an increased risk of many diseases including type 2 diabetes mellitus, hy-
pertension, and hyperlipidemia. The flowers of Chrysanthemum boreale have been used as traditional
medicines for the treatment of diseases such as obesity and type 2 diabetes mellitus. This study aimed
to evaluate the effect of C. boreale Makino flower essential oil (CFEO) on adipocyte differentiation us-
ing preadipocyte cell line 3T3-L1. CFEO at concentrations between 0.1 and 5 pg/ml did not affect 3T3-
L1 cell viability. A CFEO concentration of between 0.1 and 1 ug/ml significantly inhibited lipid accu-
mulation during MDI-induced differentiation in 3T3-L1 cells in a dose-dependent manner, reaching
a maximal level at 1 pg/ml (28.94+2.01%; approximately 30% of control treated with MDI alone).
Western blot analysis revealed that CFEO concentrations between 0.1 and 1 ng/ ml suppressed the acti-
vations of three adipogenic transcription factors in the MDI-stimulated 3T3-L1 cells: peroxisome pro-
liferator-activated receptor y; CCATT/enhancer binding protein a; and sterol regulatory element bind-
ing protein-1. Moreover, the expressions of lipogenic enzymes, acetyl-CoA carboxylase, and fatty acid
synthase were also inhibited by treatment with CFEO between 0.1 and 1 ug/ml. CFEO may therefore
be a promising functional material for obesity prevention.
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Fig. 1. Effects of Chrysanthemum boreale Makino flowers essential oil (CFEO) on the viability and accumulation level of lipid droplets
in 3T3-L1 cells. (A) Effect of CFEO on the viability in 3T3-L1 cells. Cytotoxic effects of CFEO (0.1-5 ng/ml) on 3T3-L1 cells

in the quiescent state were analyzed using the WST assay (n=:

5). Response in the quiescent state is expressed as 100%. *P<0.005.

(B and C) Effect of CFEO on accumulation level of lipid droplets in 3T3-L1 cells. 3T3-L1 cells were differentiated by treatment
with 3-isobutyl-1-methylxanthine (0.5 mM), dexamethasone (1 uM) and insulin (5 ng/ml) (MDI) as described in the Methods
section. 3T3-L1 cells incubated in either the presence or absence of CFEO (0.1-1 ng/ml) for 8 days under MDI treatment
condition and were subjected to oil red-O staining. (B) Representative photomicrographs of lipid-laden 3T3-L1 cells. Red
colors indicate oil red-O positive cells. Magnification: x100. (C) Statistical data obtained from panel C (n=4). The response
of cells treated with MDI alone we considered as 100%. *P<0.005 versus the group treated with MDI alone.
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Fig. 2. Effects of Chrysanthemum boreale Makino flowers essential oil (CFEO) on the expressions of adipogenesis and lipogenesis
proteins in 3T3-L1 adipocytes. (A) 3T3-L1 cells were differentiated by treatment with MDI and maintained as described
in the Methods section. 3T3-L1 cells were incubated in the presence or absence of CFEO (0.1-1 pg/ml) for 8 days from
MDI treatment to cell harvest for Western blot analysis. The adipocyte lysates were immunoblotted with indicated antibodies.
(B - F) Statistical graphs showing the expression levels of each protein were obtained from panel A. The responses in cells
treated with MDI alone was considered as 100%(n=4) *P<0.005 versus the group treated with MDI alone.
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