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Arctiin mhibits adipogenesis i 3T3-L1 cells and decreases
adiposity and body weight in mice fed a high-fat diet
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BACKGROUND/OBJECTIVES: The purpose of this study was to examine the effects and associated mechanisms of arctiin, a
lignan compound found in burdock, on adipogenesis in 3T3-L1 cells. Also, the effects of arctiin supplementation in obese
mice fed a high-fat diet on adiposity were examined.

MATERIALS/METHODS: 3T3-L1 cells were treated with arctiin (12.5 to 100 uM) during differentiation for 8 days. The accumulation
of lipid droplets was determined by Oil Red O staining and intracellular triglyceride contents. The expressions of genes related
to adipogenesis were measured by real-time RT-PCR and Western blot analyses. For in vivo study, C57BL/6J mice were first
fed either a control diet (CON) or high-fat diet (HF) to induce obesity, and then fed CON, HF, or HF with 500 mg/kg BW arctiin
(HF + AC) for four weeks.

RESULTS: Arctiin treatment to 3T3-L1 pre-adipocytes markedly decreased adipogenesis in a dose-dependent manner. The arctiin
treatment significantly decreased the protein levels of the key adipogenic regulators PPARy and C/EBPq, and also significantly
inhibited the expression of SREBP-1c, fatty acid synthase, fatty acid-binding protein and lipoprotein lipase. Also, arctiin greatly
increased the phosphorylation of AMP-activated protein kinase (AMPK) and its downstream target phosphorylated-acetyl CoA
carboxylase. Furthermore, administration of arctiin significantly decreased the body weight in obese mice fed with the high-fat
diet. The epididymal, perirenal or total visceral adipose tissue weights of mice were all significantly lower in the HF + AC than
in the HF. Arctiin administration also decreased the sizes of lipid droplets in the epididymal adipose tissue.
CONCLUSIONS: Arctiin inhibited adipogenesis in 3T3-L1 adipocytes through the inhibition of PPARy and C/EBPa and the activation

of AMPK signaling pathways. These findings suggest that arctiin has a potential benefit in preventing obesity.
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INTRODUCTION

Obesity is one of the major public health problems. The
prevalence of obesity has dramatically increased worldwide, and
over 200 million men and nearly 300 million women aged 20
and older are obese [1]. Obesity is characterized by characteri-
zed by an excess in the number or size of adipocytes. As the
normal functions of adipocytes are crucial in maintaining energy
and metabolic homeostasis, excess adipocytes often result in
dysregulated secretion of adipocytokines and systemic insulin
insensitivity, as well as perturbation in energy metabolism [2].
Consequently, obesity is closely associated with increased risks
for various metabolic diseases including type 2 diabetes,
cardiovascular disease, hypertension, musculoskeletal disorders
and some cancers [3-6].

Adipogenesis involves the differentiation of pre-adipocytes
into mature adipocytes and plays a key role in the expansion
of adipose tissue mass and subsequent obesity. Adipogenesis

is controlled by a coordinated gene expression, which is mediated
by a number of transcription factors. In particular, proliferator-
activated receptor gamma (PPARy) and CCAAT/enhancer-
binding protein alpha (C/EBPa) are considered as the two
primary transcription factors that mediate adipogenesis [7].
PPARy has been shown to be necessary for adipogenesis as
evidenced by the observations that the deletion of PPARY in
mice resulted in placental dysfunction and embryonic lethality
[8] and transgenic mice lacking PPARY specifically in adipose
tissue exhibited greatly reduced sized fat pads [9]. Similarly,
transgenic mice lacking C/EBPa had defective adipogenesis [10]
and ectopic expression of C/EBPa was sufficient to initiate
adipogenesis [11]. Both PPARy and C/EBPa are greatly induced
during adipogenesis, and they are necessary for the expression
of many adipogenic genes such as fatty acid synthase (FAS),
adipocyte fatty acid-binding protein (aP2) [12-14], and lipopro-
tein lipase (LPL) [15]. Therefore, the dietary or natural compo-
unds that suppress PPARY and C/EBPa and the adipogenic
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process would have significant effects on the prevention and
treatment of obesity.

Arctiin is a major lignan constituent of burdock (Arctium lappa
L.). Also known as Woo-ung in Korean, burdock is commonly
used in many foods as well as in traditional medicine. Many
studies have shown that arctiin has a variety of biological
activities such as anti-viral [16], anti-proliferative [17], and
anti-inflammatory [18,19] activities; however, its anti-adipogenic
effect has not yet been investigated. Therefore, in the present
study, we investigated the effect of arctiin on adipogenesis and
related molecular mechanisms using 3T3-L1 pre-adipocytes.
Further, we examined the effects of arctiin supplementation on
body weight and adiposity in obese mice fed a high-fat diet.

Materials and Methods

Arctiin preparation

Reflux extraction of the Arctium lappa L. seeds (5.4 kg) was
done by applying 5 L of n-hexane followed by 50 L of 80%
ethanol. The 80% ethanol extract was evaporated to dryness,
yielding 533 g of dry powder. The 80% ethanol extract was
suspended in distilled water (1 L) and further extracted with
5 L of ethyl acetate. The ethyl acetate extract was then applied
to a column of silica gel column chromatography (7 x 40 cm)
and eluted with chloroform: methanol (10:1) to yield five
sub-fractions. Among these, arctiin was obtained from fraction
I (9.62 g) by recrystallization with methanol, which were
verified by using the 'H-NMR and "“C-NMR data [20].

Cell culture and differentiation

3T3-L1 fibroblast cell lines (Korea cell line bank, Seoul, Korea)
were maintained in Dulbecco's modified eagle's medium
(DMEM)/high glucose (Hyclone, UT, USA) with 10% newborn calf
serum (Gibco™, Life Technologies, NY, USA), 100 units/ml
penicillin, and 100 pg/ml streptomycin at 37°C in 5% CO,
incubator. To induce differentiation, 100% confluent 3T3-L1
pre-adipocytes (day 0) were stimulated for 2 days with MDI
media [0.5 mM 3-isobutyl-1-methylxanthine (Sigma Aldrich, MO,
USA), 1 uM dexamethasone (Sigma Aldrich), and 5 pg/ml insulin
(Gibco™) in DMEM/10% fetal bovine serum (FBS, Hyclone)] [21].
On day 3, the MDI media was replaced with differentiation
media (5 pg/ml insulin in DMEM/10% FBS). On day 6, the
differentiation media was replaced with growth media (DMEM/
10% FBS). The cell culture media was changed every 2 day.

Table 1. The primer sequences of adipogenic genes

Cell viability assay

The 3T3-L1 pre-adipocytes were seeded in 24 well plates at
a density of 2x10* cells/ml/well. Various concentrations of
arctiin were added to the confluent 3T3-L1 pre-adipocytes
during the differentiation period. At the end of the treatment,
the culture medium was removed and replaced with 50 pl of
5 mg/ml sterile-filtered 3-(4,5-dimethylthiazol-2-thiazolyl)-2,5
diphenyl-2H-tetrazolium bromide (MTT, Sigma Aldrich) solution.
Then, cells were incubated for 90 min at 37°C and dissolved
with 500 pl dimethyl sulfoxide (DMSO, Sigma Aldrich). The
absorbance of each sample was measured at 540 nm.

Oil Red O staining

Cells were first washed with phosphate-buffered saline, fixed
with 10% formalin for 1 hour and washed with distilled water.
Cells were then stained with 0.6% Oil Red O solution for 30 min
at room temperature, washed 3 times with distilled water, and
photographed. For quantitative analyses, stained Oil Red O was
eluted with 100% isopropanol and quantified by measuring
absorbance at 520 nm.

Triglyceride assay

At the end of the treatment, 3T3-L1 mature adipocytes were
collected in 200 pl of PBS-10 mM EDTA (pH 7.4) and sonicated.
Total lipids were extracted with the mixture of 2 ml isopropanol:
hexane (4:1), 0.5 ml of hexane: diethyl ether (1:1), and 1 ml
of distilled water. The organic phase was collected, dried under
N. gas, and dissolved in isopropanol. Triglyceride contents were
enzymatically determined by using a commercial kit according
to the manufacturer’s instructions (Bio-Clinical System, Gyeonggi-
do, Korea).

Total RNA isolation and quantitative polymerase chain reaction
(g-PCR)

Total RNA was extracted using Trizol” Reagent (Life Techn-
ologies) according to the manufacturer’s instructions. cDNA was
generated using the PrimeScript™ RT reagent kit (Takara, Otsu,
Japan). The sequences of forward and reverse primers are listed
in Table 1. All PCRs were carried out using SYBR® Premix Ex
Taq™ Il (Takara) and Mini Opticon instrument (BioRad, Hercules,
CA, USA). The real-time cycling conditions were as follows: initial
enzyme activation at 50°C for 2 min and denaturation at 95°C
for 10 min followed by 40 cycles of denaturation at 95°C for
15 sec and annealing/extension at 60°C for 1 min. The product
purity was confirmed by a dissociation curve analysis. The mRNA
levels of the target genes were normalized to the values of

Primer Sequence

Gene

Forward Reverse
aP2 5-TCA CCT GGA AGA CAG CTC CT-3' 5-AAT CCC CAT TTA CGC TGA TG-3'
C/EBPa 5'-GAA CAG CAA CGA GTA CCG GGT-3' 5-GCC ATG GCC TTG ACC AAG GAG-3'
FAS 5-GCT TTG CTG CCG TGT CCT TCT-3' 5-TCT AGC CCT CCC GTA CAC TCA-3'
LPL 5-AGT AGA CTG GTT GTA TCG GG-3' 5-AGC GTC ATC AGG AGA AAG G-3'
PPARY 5-CCA GAG CAT GGT GCC TTC GCT-3' 5-CAG CAA CCA TTG GGT CAG CTC-3'
SREBP-1c 5-CGC TAC CGG TCT TCT ATC ATT G-3' 5-TTG CTT TTG TGT GCA CIT CG-3'

B-actin 5'-AGG CTG TGC TGT CCC TGT AT-3'

5'-ACC CAA GAA GGA AGG CTG GA-3'
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B-actin, and presented as fold changes relative to controls (no
arctiin treatment).

Western blot analysis

3T3-L1 cells were collected and suspended in lysis buffer
containing 25 mM Tris-HCl (pH 7.6), 1% NP-40, 1% sodium
deoxycholate, 150 mM NaCl, 1% SDS, 1 mM phenylmethane-
sulfonylfluoride, protease inhibitor tablet (Roche, IN, USA) and
phosphatase inhibitor tablet (Roche). Total protein concentra-
tions in lysates were measured by using BCA protein assay kit
(Pierce, IL, USA). 20 ug protein homogenates were mixed with
2 x loading buffer [25 mM Tris-HCl (pH 6.8), 1% SDS, 30%
glycerol, 10% 2-mercaptoethanol (Sigma Aldrich), protease
inhibitor tablet (Roche) and phosphatase inhibitor tablet
(Roche), 0.7% bromophenol blue (Sigma Aldrich)], heated at
95°C for 5 min, and separated on 10% SDS polyacrylamide gel.
Proteins were then transferred onto PVDF membrane (Millipore,
Billerica, MA, USA). After blocking for 2 hours at room
temperature with 5% non-fat skim milk (DIFCO, Paris, France)
in TBS-T [Tris-buffered saline containing 0.01% Tween 20 (Sigma
Aldrich)], the membranes were incubated overnight at 4°C with
the following primary antibodies: PPARy, C/EBPa, phospho-
AMPK, AMPK, phospho-acetyl CoA carboxylase (p-ACC) (Cell
Signaling, Boston, MA, USA) and B-actin (Santa Cruz Biote-
chnology, CA, USA). After washing 5 times with TBS-T, the
membranes were further reacted with goat anti-rabbit 1gG (H
+ L)-HRP conjugate (BioRad) or goat anti-mouse IgG (H + L)-HRP
conjugate (BioRad) at room temperature for 90 min. Bands were
visualized by enhanced chemiluminescence (Clarity™ western
ECL substrate, BioRad) and chemiluminescence imager instrument
(CLINX Science Instrument, China). For quantification, the
densities of each band were determined by a gel analysis
software (CLINX Science Instrument).

Animals and diet

Male C57BL/6J mice (SLC Inc, Hamamatsu, Japan) were
housed in a room with controlled temperature (21~23°C),
humidity (55~60%) and lighting (12-h light/dark cycle). After
acclimation for 1 week, animals were divided, by weight-
matching, into three groups (HF, HF + AC, and CON). HF and
HF + AC groups were first fed a high-fat diet (60% kcal from
fat) (Research Diets, New Brunswick, NJ, USA) for eleven weeks
to induce obesity [22], then HF or HF + AC group were
continued to be fed a high-fat diet with 0 or 500 mg/kg body
weight (BW) arctiin for four weeks. CON group was fed a control
diet (10% kcal from fat) (Research Diets) for the entire study
period. Arctiin or vehicle (distilled water) was given five times
weekly via oral gavage. At the end of the experimental period,
the mice were terminally exsanguinated under isoflurane
anesthesia (Aerrane, Fort Dodge Animal Health, Fort Dodge, IA,
USA). All animal protocols were approved by the Institutional
Animal Care and Use Committee at Kyung Hee University
(KHUASP (SE)-12-049).

Histological examination

Epididymal adipose tissues were collected and portions of
each tissue were fixed in 10% buffered formalin for further
embedding in paraffin wax. The formalin-fixed and paraffin-

embedded tissue blocks were further processed by a routine
procedure for hematoxylin and eosin (H&E) staining. The
sections were photographed under 100 X magnification and
examined by investigators blinded to the treatment groups.

Statistical analyses

Results were expressed as means + SE. The difference among
groups was examined by ANOVA followed by Duncan’s multiple
range test. P value less than 0.05 was considered significant.

RESULTS

Effects of arctiin on adipocyte differentiation of 3T3-L1 cells
To investigate the effects of arctiin on adipocyte differen-
tiation, 3T3-L1 cells were induced to differentiate into
adipocytes for 8 days in the presence of various concentrations
of arctiin (0-100 uM). Qil red O staining showed that the number
of lipid droplets in the differentiated cells was significantly
increased as compared with that in the undifferentiated cells
(Fig. 1A). Arctiin clearly decreased lipid accumulation in a
dose-dependent manner (Fig. 1A and 1B). In addition, arctiin
at a dose of 25, 50, and 100 uM markedly decreased the
intracellular TG levels by 24.8%, 63.8%, and 73.4%, respectively
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Fig. 1. Effects of arctiin on the differentiation and adipogenesis of 3T3-L1 cells.
3T3-L1 pre-adipocytes were incubated with MDI (DMEM with 3-isobutyl-1-methylxan-
thine, dexamethasone, and insulin) for 2 days and then replaced with DMEM containing
insulin with or without arctiin (0, 125, 25, 50, and 100 uM) for 8 days, (A) Intracellular
lipid droplets were stained with Oil Red O and observed at magnification 200 x, (B)
Intensities of Oil Red O staining measured by spectrophotometric analysis at 520 nm,
(C) Intracellular triglyceride concentrations, Data are presented as the mean + SE from
three independent experiments, Different letters indicate significant difference (P<0.05).
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Fig. 2. Effects of arctiin treatment on cell viability in 3T3-L1 cells. 3T3-L1
pre-adipocytes were incubated with MDI (DMEM with 3-isobutyl-1-methyixanthine,
dexamethasone, and insulin) for 2 days and then replaced with DMEM containing insulin
with or without arctiin (0, 12,5, 25, 50, and 100 uM) for 8 days. Cell viability was
determined by MTT assay, Data are presented as the mean = SE from three
independent experiments, Different letters indicate significant difference (< 0.05).

(Fig. 1C). The treatment with arctiin at concentrations of 12.5
to 100 puM for 8 days did not significantly affect the viability
of 3T3-L1 cells, as evaluated by an MTT assay (Fig. 2).

Effects of arctiin on adipogenic gene expression in 3T3-L1 cells

To determine whether arctiin inhibits adipocyte differe-
ntiation through down-regulating adipogenic transcription
factors, we measured the protein levels of C/EBPa and PPARy
by Western blot analyses. As shown in Fig. 3, arctiin treatment
greatly decreased the protein levels of C/EBPa and PPARY in
a dose-dependent manner.

We further examined the effects of arctiin on the mRNA levels
of C/EBPa and PPARY and their target genes such as aP2, FAS,
LPL and SREBP-1c by quantitative RT-PCR. Consistent with
changes in the protein levels, arctiin treatment at doses of 25,
50 and 100 pM significantly suppressed the induction of C/EBPa
and PPARy gene expression as compared with those in
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Fig. 3. Effects of arctiin on the protein levels of adipogenic transcription factors
in 3T3-L1 cells. The protein levels of PPARy and C/EBPa in 3T3-L1 cells were
determined by Western blot analyses, (A) Representative Westemn blot, (B) Densitometric
analyses, Data are presented as the mean + SE from three independent experiments,
Different letters indicate significant difference (P<0,05).
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Fig. 4. Effects of arctiin on the expression of adipogenic genes in 3T3-L1 cells.
The mRNA levels of adipogenic genes were examined by real-time RT-PCR, Data are
presented as the mean = SE from three independent experiments, Different letters
indicate significant difference (< 0.05).

untreated controls. The arctiin treatment also significantly
decreased the mRNA levels of aP2, FAS, LPL and SREBP-1c in
a dose-dependent manner (Fig. 4).

Effects of arctiin on the activation of AMPK in 3T3-L1 adipocytes

To examine whether arctiin affects the activity of AMPK, the
levels of phosphorylated-AMPK were determined by Western
blot analyses. The basal level of phosphorylated-AMPK in
untreated 3T3-L1 adipocytes was low. On the other hand, arctiin
treatment significantly increased the levels of phosphorylated-
AMPK but did not change the levels of AMPK. Arctiin treatment
also significantly increased the levels of phosphorylated-ACC,
which is the downstream target of AMPK (Fig. 5).

Effects of arctiin on body weight and adiposity in mice fed high-fat
diet

We further investigated the effects of arctiin on body weight
and adiposity in vivo using a high-fat diet fed mice model. The
final body weights of mice fed a high-fat diet (HF) were
significantly higher than those of mice fed the control diet
(CON), indicating that the high-fat diet induced obesity. The
mice fed the high-fat diet with arctiin (HF + AC) showed
significantly lower body weight, as compared to mice in the
HF group (Table 2). In addition, the weights of epididymal
adipose tissue in the HF + AC group were significantly lower
by 26%, compared to the HF group (P < 0.05). The weights of
perirenal and total visceral adipose tissue in the HF + AC group
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Fig. 5. Effects of arctin on AMPK phosphorylation in 3T3-L1 cells. The
phosphorylation of AMPK and ACC in 3T3-L1 cells were determined by Western blot
analyses, (A) Representative Western blot. Densitometric analyses for AMPK
phosphorylation (B) and ACC phosphorylation (C) Data are presented as the mean +
SE from three independent experiments, Different letters indicate significant difference
(P<0.05).

Table 2. Effects of arctiin on the weights of total body, liver, and adipose tissue
and food intake in mice fed with high-fat diet

CON HF HF+AC

Initial body weight (g) 19.0+0.8 19.5+0.9 19.0+04
Final body weight (g) 296+ 14° 40.6 +0.9° 363+1.1°
Food intake (g/day) 32+0.1° 24+0.1° 27+03®
Liver weight (g) 1.0+0.1° 12+00° 1.1+00®
Visceral fat weight (g) 17+02° 46+06° 35+04°
Epididymal fat (g) 09+0.1° 2.7+0.1° 20+02°
Perirenal fat (g) 05+0.1° 1.1£0.0° 09+0.1°
Mesenteric fat (g) 04+0.1° 09+0.1° 07+0.1°

CON: control diet (10% calorie from fat), HF: high-fat diet (60% calorie from fat),
HF+AC: high-fat diet supplement with 500 mg/kg BW arctiin,

Data are means = SE (n=6), Different letters indicate significant difference (P<
0.05).

were also significantly lowered, as compared to the HF group
(P < 0.05). Arctiin administration did not significantly change the
daily food intake during the experimental period.
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Fig. 6. Effects of arctiin on the cell sizes of the epididymal adipose tissues in
mice fed a high-fat diet. Hematoxylin and eosin-stained sections of epididymal adipose
tissues are shown at 100 x magnification,

Histological analysis of epididymal adipose tissue confirmed
that adipocyte size was markedly enlarged in the HF group
compared to the CON group; whereas the adipocyte size was
much smaller in the HF + AC group, as compared to the HF
group (Fig. 6).

DISCUSSION

Adipogenesis and increased lipid accumulation are key
features in obesity. In the present study, we demonstrated that
arctiin, a lignan compound found in burdock (Woo-ung in
Korean), significantly inhibited adipogenesis in 3T3-L1 cells and
greatly decreased the body weight and the amount of adipose
tissue in mice fed a high-fat diet. Previous studies have shown
that arctiin and its aglycon arctigenin have a variety of
biological activities including anti-tumor, anti-mutagenic, and
anti-inflammatory actions [23,24]. However, this is the first
report to show that arctiin inhibited adipogenesis in 3T3-L1
cells.

In this study, we first evaluated the anti-obesity effect of
arctiin using 3T3-L1 cells. The 3T3-L1 cell line is one of the most
well-characterized and reliable models of studying adipogenesis
[25]. Adipogenesisis composed of two major phases - adipocyte
determination and terminal differentiation, a process during
which fibroblast-like pre-adipocytes developed into mature
lipid-loaded, insulin-responsive adipocytes [26]. It has been well
documented that some natural compounds such as epigallo-
catechin gallates, resveratrol, and curcumin inhibit adipogenesis
[27]. We found that arctiin decreased lipid accumulation, as
measured by Oil Red O staining, and reduced triglyceride levels
in the cytoplasm of treated cells in a dose-dependent manner.
Furthermore, arctiin significantly down-regulated both the
mRNA and protein levels of PPARy and C/EBPa. PPARy and
C/EBPa have been suggested as master regulators of adipo-
genesis [7,14], and the induction of these transcription factors
was shown to increase adipogenic gene expression such as FAS
and aP2 by 10 to 100 fold. In our study, when adipogenesis
was stimulated in 3T3-L1 pre-adipocytes by treatment with a
mixture of isobutylmethylxanthine, dexamethasone, and insulin
(MDI), the expression of PPARy and C/EBPa was highly induced,
indicating an essential role for these transcription factors in the
regulation of adipogenesis. However, when 3T3-L1 pre-adipocytes
were treated with MDI in the presence of various concentrations
of arctiin, the expression of PPARy and C/EBPa was dose-
dependently down-regulated. Consistent with the suppression
of PPARy and C/EBPa expression by arctiin, the expressions of
FAS, aP2 and LPL were all significantly decreased by arctiin in
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MDl-treated 3T3-L1 cells. These results demonstrate that arctiin
inhibits adipogenesis through the down-regulation of adipogenic
transcriptional factors and their target genes.

We also showed that SREBP-1c gene expression was signifi-
cantly decreased after arctiin treatment during adipocyte
differentiation. SREBP-1c is a predominant SREBP-1 isoform in
adipose tissue and has been shown to have significant roles
in adipogenesis. For example, ectopic expression of a dominant-
negative SREBP-1c was shown to attenuate adipocyte differen-
tiation [28]. In addition, overexpression of SREBP-1c enhanced
the adipogenic activity of PPARy [29]. Thus, it is possible that
the reduction of SREBP-1c by arctiin could also contribute to
the suppression of adipogenesis observed in our study.

To further elucidate the molecular mechanism underlying
arctiin-mediated suppression of adipogenesis, we examined the
activation of AMPK. AMPK plays a major role in the maintenance
of energy homeostasis, and the activation of AMPK in the
adipose tissue can induce changes in adiposity which may be
implicated in the prevention of obesity [30]. AMPK is involved
in the various aspects of metabolism in the adipose tissue
including glucose uptake, fatty acid [3-oxidation, lipolysis, and
adipokine secretion [31]. Moreover, previous studies have
reported that the activation of AMPK is associated with the
inhibition of adipogenesis [32]. For example, treatment of
3T3-L1 cells with AICAR (5-aminoimidazole-4-carboxamide-1-[3
-D-ribofuranoside), an analog of AMP, completely inhibited the
adipogenesis and lipid accumulation in these cells [33]. In the
present study, we demonstrated that arctiin significantly
increased the protein levels of phosphorylated-AMPK, the active
form of AMPK, suggesting arctiin can act as a potent activator
for the AMPK. Further, the activation of AMPK by arctiin was
accompanied by a significant increase in the phosphorylation
of ACC, one of the major downstream targets of AMPK. ACC
catalyzes ATP-dependent carboxylation of acetyl CoA to produce
malonyl CoA, which is a rate-limiting step in de novo fatty acid
synthesis. Since the phosphorylation of ACC inhibits the
enzyme’s activity, increased levels of phosphorylated-ACC by
arctiin would lead to a decrease in fatty acid biosynthesis.
Similar to our results, a recent study has shown that AMPK
activation with resveratrol-derived small molecules resulted in
a significant inhibition of adipogenesis [34]. Taken together, our
findings suggest that arctiin is a potent inhibitor of adipogenesis,
whose molecular mechanism involves the AMPK signaling
pathways.

Consistent with our in vitro results, the administration of
arctiin to mice fed HF diet significantly decreased the final body
weights and visceral adipose tissue weights (Table 2). Further-
more, the arctiin administration markedly decreased the size
of adipocytes (Fig. 6). There was no difference in daily food
intake among the groups. Supporting our data, a previous study
by Kuo et al. [35] have reported that burdock has a capacity
to lower body weights in rats. However, the Kuo’s study [35]
did not examine the changes in adipose tissue nor identify the
active component of burdock that is responsible for the
observed weight reduction. The findings of our study indicate
that the arctiin found in burdock has a beneficial effect on body
weight management in high-fat diet induced obesity.

In the present study, however, molecular markers associated

with decreased adiposity in obese mice have not been examined.
As adipogenesis plays a key role in obesity, the marked
inhibition of adipogenesis by arctiin treatment in 3T3-L1
adipocytes provides a significant clue as to the potential
mechanisms by which arctiin supplementation decreased
adiposity and body weight gain in obese mice induced by
high-fat diet. We have an ongoing study with a similar approach
and will address the question.

In conclusion, we demonstrated that arctiin exerted anti-
adipogeneic effects through the inhibition of PPARy and C/EBPa
and the activation of AMPK signaling pathways in 3T3-L1
adipocytes, and that arctiin decreased body weight and
adiposity in high-fat diet induced obese mice. Our findings
warrants further study to develop arctiin as a natural and
effective agent for the prevention or treatment of obesity.
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