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Inhibition of Adipocyte Differentiation by MeOH Extract

from Carduus crispus through ERK and p38 MAPK Pathways
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Abstract − In this study, the effects of a methanol (MeOH) extract of Carduus crispus L. (Asteraceae) on
adipogenesis was investigated in 3T3-L1 cells. To differentiate preadipocytes to adipocytes, confluent 3T3-L1
preadipocytes were treated with a hormone mixture, which included isobutylmethylxanthine, dexamethasone, and
insulin (MDI). The methanol extract of C. crispus significantly decreased fat accumulation by inhibiting
adipogenic signal transcriptional factors in MDI-induced 3T3-L1 cells in a dose-dependent manner. In MTT
assays and on PI-staining, methanol extract of C. crispus inhibited the proliferation of 3T3-L1 cells during mitotic
clonal expansion (MCE). The anti-adipogenic effect of the Carduus extract seemed to be associated with the up-
regulation of extracellular signal-regulated kinase (ERK) and p38 mitogen-activated protein kinase (MAPK)
pathways within the first 2 days after MDI treatment. These results suggest that methanol extract of C. crispus
might be beneficial for the treatment of obesity.
Keywords − Carduus crispus, adipogenesis, adipocyte, peroxisome proliferator-activated receptor2 (PPARγ2),
obesity 

Introduction

Obesity is rising because of an imbalance in individuals

between energy intake and the expenditure of energy

(Flier et al., 2004). Adipocytes are the first place in which

the triacylglycerols resulting from an excess of energy

accumulate. Both an increased number of adipocytes

(hyperplasia) due to enhanced differentiation of preadipo-

cytes to adipocytes and an increased size of adipocytes

(hypertrophy) due to lipid accumulation have been shown

to participate in the expansion of adipose tissue (Spalding

et al., 2008). 

Adipocyte differentiation is an important process in

determining the number and size of adipocytes in the

development of obesity. During differentiation, 3T3-L1

preadipocytes undergo not only morphological alterations

but also characteristic changes such as adiposity, which

means they can accumulate visible lipid in their cytoplasm

(Rosen et al., 1999). Preadipocytes express specific genes,

such as PPARγ2 and c/EBPα, related to adipogenesis.

PPARγ2 and c/EBPα are key transcription factors of

adipogenesis and lipogenesis that are activated during the

early stages of adipocyte differentiation to stimulate the

expression of several metabolic genes (Srujana et al.,

2007). In the final stage of differentiation, the

differentiated cells express markers that are characteristic

of the adipocyte phenotype, such as adipocyte selective

fatty acid binding protein (aP2), lipoprotein lipase (LPL),

acetyl-CoA carboxylase (ACC), and fatty acid binding

protein (FABP) (MacDougald et al., 1995).

In these cells, ERK, p38, c-Jun-NH2-terminal kinase

(JNK), and MAPKs are important for their proliferation

and differentiation (Pearsonn et al., 2001). Previously, it

was reported that inhibiting MAP kinase could block

lipogenesis in the early stages of 3T3-L1 differentiation

(Bost et al., 2005). Recently, rosiglitazone and pioglitazone,

thiazolidinedione (TZD) containing PPARγ2 agonists,

have been widely used as anti-diabetic agents (Kelly et

al., 2002). These can decrease hyperglycemia by direct

reduction of insulin resistance leading to increased

glucose uptake into skeletal muscle and adipose tissue.

However, TZDs can also promote adipocyte differentiation,

which may generate negative effects such as increasing

subcutaneous adipose tissue (Lebovits et al., 2001;

Miyazaki et al., 2002). Consequently, TZDs may result in

modest weight gain. Due to the side effects of these

drugs, researchers are looking for new types of drugs to

be used in the treatment of metabolic disorders. Thus, it

would be worthwhile to investigate promising natural

products. 
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Carduus crispus L. (Asteraceae) is a biennial growing

to 0.9 m, and is mainly found in Asia and China and

grows on waste or uncared soil. C. crispus has been used

in traditional medicine for the treatment of colds, stomach

aches, and rheumatism for a long time. Pharmacological

screening of its extracts revealed a cytotoxic activity

against some human cancer cell lines. The search for the

antiproliferative principle of the plant led to the discovery

of five novel isoquinoline alkaloids, crispine A-E (Zhang

et al., 2002). Also, Carduus crispus have been exhibited

significant antioxidant activity by hispidulin-7-neohes-

peridoside and luteolin-7-glucoside in both DPPH assay

and peroxynitrite (Jeong et al., 2008). However, the

effects of methanol extract of C. crispus on 3T3-L1 cells

has not been reported until now. Therefore, the effects of

Carduus extracts on adipogenesis in the 3T3-L1 cell line

were investigated. 

Methods and materials

Plant materials − The whole plant of C. crispus L.

was collected at Medicinal Plant Garden of Natural

Products Research Institute, Seoul National University. It

was identified by Prof. Je Hyun Lee, Dong Kuk

University. A voucher specimen was deposited at the

Herbarium of the Natural Products Research Institute

(NPRI-100).

Plant extracts − The aerial parts were dried and cut

into small pieces. Twenty five grams of C. crispus were

boiled three times for 2 hr with 250 ml of 100% methanol.

All the extracts were combined and concentrated. The

solvent was removed by rotary evaporation (N-1000s,

Eyela, Japan). 

Cell lines, chemicals, and biochemicals − 3T3-L1

preadipocyte cells were purchased from American Type

Culture Collection (Manassas, VA). Dulbeco’s modified

Eagle’s medium (DMEM), Dulbeco’s phosphate-buffered

saline (D-PBS), penicillin, streptomycin, trypsin-EDTA,

trypan blue, 3-isobutyl-1-methylxanthine (IBMX), dexa-

methasone (DEX), Oil Red O, LEPAL CA-630 (NP-40),

recombinant human insulin, 4-(2-hydroxyethyl)-1-pipera-

zineethane-sulfonic acid (HEPES), sodium bicarbonate

and naphtylethylenediamine dihydrochloride were purchased

from Sigma Chemical (St. Louis, MO). Dimethylsul-

foxide (DMSO) was purchased from Bioshop (Burlington,

Canada). Bovine calf serum (BCS) was obtained from

Abclone (Hurstbridge, Australia). Polyvinylidenedifluoride

(PVDF) membrane was purchased from Millipore

(Bedford, USA). Fetal bovine serum (FBS) was

purchased from South Pacific (New Zealand). The Cell

Counting Kit-8 was purchased from Dojindo Laboratories

(Tokyo, Japan). Protein assay reagent was from Bio-Rad

(Vancouver, Canada). Anti-mouse monoclonal antibodies

against PPARγ2 and c/EBPα were obtained from Santa

Cruz Biotechnology (Santa Cruz, CA). The ECL plus

detection kit was purchased from Amersham (Bucking-

hamshire, UK).

Adipocyte differentiation and treatment− Fibroblasts

were grown in DMEM with 10% bovine calf serum

(BCS) containing 25 mM HEPES, 25 mM NaHCO3, 100

units/ml of penicillin, and 100 µg/ml of streptomycin

(growth medium) at 37 oC in 5% CO2. 3T3-L1 cells were

seeded at a density of 5 × 104 cells/well in a 6-well plate

containing 2 ml of growth medium in each well. The cells

were then incubated at 37 oC in 5% CO2 until two days

after they became confluent. At this stage, differentiation

was induced by exchanging the media with fresh media

which included mediated differentiation inducer (MDI),

10% FBS, 0.5 mM IBMX, 1 µM DEX, and 10 µg/ml

insulin for two days (from day 0 to day 2). After two

days, the media was replaced with DMEM containing

10% FBS and 10 µg/ml insulin, and the cells were

incubated for an additional two days (from day 2 to day

4). This media was changed every two days (until day 6).

Oil Red O staining − Cells were stained with Oil Red

O at day 5 after the induction of differentiation. The

adipocytes were washed twice with PBS and fixed with

10% formaldehyde for 1 hr. The cells were then washed

twice with distilled water followed by staining with 0.5%

Oil Red O solution (in 60% isopropanol) for 2 hr at room

temperature. Cells were washed three times with 60%

isopropanol to remove unbound dye and were observed

under a Leica fluorescence microscope at 100 × magnifi-

cation. Stained Oil Red O was eluted with 4% NP-40 in

isopropanol (v/v) and was quantified by measuring the

optical absorbance at 490 nm.

Western blot analysis − 3T3-L1 cells and animal tissues

were extracted in ice-cold lysis buffer containing 20 mM

Tris-Cl pH 7.5, 150 mM NaCl, 1 mM Na2EDTA, 1 mM

EGTA, 1% NP40, 1% sodium deoxycholate, 2.5 mM

sodium pyrophosphate, 1 mM Na3VO4, 1 mM dithiothreitol

(DTT), 1 mM phenylmethylsufonyl fluoride (PMSF) and

a protein inhibitor cocktail (Sigma MO) for 1 hr. Proteins

(25 µg/lane) were loaded onto a 12.5% sodium sodium

dodecyl sulfate polyacrylamide gel (SDS-PAGE), chroma-

tographed, and then transferred to a nitrocellulose

membrane. The membrane was blocked with 5% skim

milk in Tris-buffered saline (TBS-T, 50 mM Tris-HCl, pH

7.6 NaCl, 0.05% Tween 20). It was then incubated with

primary antibodies (PPARγ2, c/EBPα) for 3 hr and
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washed three times in TBS-T. The membrane was

incubated with secondary antibodies conjugated with

horseradish peroxidase (HRP). Proteins were visualized

using a chemiluminescent substrate kit AB frontier, Seoul,

Korea).

Proliferation assay − Within one or two days after

confluence, 3T3-L1 cells were treated with MDI

containing methanol extract of C. crispus. At the indicated

time points, 5 mg/ml of MTT [3-(4, 5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide] (Sigma) was added

and incubated for 4 hr. The formazan crystals were

dissolved by addition of 200 µl of DMSO. After 30 min,

the amount of colored formazan derivative was determined

by measuring the absorbance using an ELISA microplate

reader at 570 nm.

Annexin V-FITC and Propidium iodide (PI) staining−

Within one or two days after confluence, cells were

washed carefully by ice-cold DPBS twice and then 1 X

Annexin V binding buffer once. The cells were stained

with Annexin V-FITC and PI, and then diluted 1 : 10 in 1

X binding buffer for 20 min at room temperature in a dark

chamber. After washing once with 1 X binding buffer, the

stained cells were observed under fluorescence microscopy

(Olympus CKX41, Japan).

Statistics − All results are expressed as mean ± S.D.

The statistical significance between two groups was

analyzed by Student’s t test. One-way analysis of variance

(ANOVA) followed by Dunnett's t-test was also applied

to assess the statistical significance of the differences

between the study groups (SPSS version 10.0, Chicago, IL).

Results and Discussion

Obesity is characterized by a pathological growth of

adipocytes, which is intrinsically a consequence of

adipocyte hypertrophy and differentiation (Hwang et al.,

2005). Although adipocyte differentiation is an important

process for cellular function under normal conditions,

pathological adipocyte differentiation confers abnormal

expression of adipokines, which are implicated in

Fig. 1. Methanol extract of C. crispus (CCME) inhibited lipid accumulation in 3T3-L1 cells. 3T3-L1 cells were differentiated with MDI
in the absence or presence of methanol extract of C. crispus (0, 5, 10 and 25 µg/ml) for 9 days and then the lipid contents were measured
by Oil Red O staining (A). The stained Oil Red O was eluted with 4% NP-40 solution and the stained lipid content was quantified by
measuring the absorbance at 490nm (B). Changes in protein expression of PPARγ2 and c/EBPα, the major transcriptional factors related
to lipogenesis in 3T3-L1 cells. Western blots showed that PPARγ2 and c/EBPα proteins were reduced in 3T3-L1 cells treated with
methanol extract of C. crispus on the sixth day of differentiation (C). These signals were normalized to β-actin. The error bars represent
the standard deviation of the mean of three independent experiments (**p < 0.05, ***p < 0.001 compared with differentiated control).
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metabolic disorders (Halberg et al., 2008). Therefore,

inhibition of adipocyte differentiation was suggested to

play a role in the pathogenic development of obesity. 

In the present study, the effect of methanol extract of C.

crispus on the adipogenic differentiation of 3T3-L1 cells

was examined. The optimal concentration of methanol

extract of C. crispus for treating adipocytes without altering

cell viability was 25 µg/ml as determined by MTT assay

(data not shown). 

To differentiate preadipocytes into adipocytes, 2-day

post-confluent 3T3-L1 preadipocytes were stimulated

with medium differentiation inducer (MDI) in the

presence or absence of methanol extract of C. crispus and

diluted with DMEM at concentrations of 0, 5, 10 and 25

µg/ml. As shown in Fig. 1(A), lipid accumulation in

methanol extract of C. crispus treated cells was lower

than lipid accumulation in control cells. Therefore, the

results show that methanol extract of C. crispus blocked

adipocyte differentiation in a dose-dependent manner. The

stained Oil Red O was eluted with 4% NP-40 solution

and the absorbance was measured at 490nm by a UV

spectrophotometer (Fig. 1B). The results show that 25 µg/

ml of methanol extract of C. crispus was effective for

reducing the lipid content up to 58.3% of the positive

Fig. 2. Methanol extract of C. crispus (CCME) inhibited adipocyte differentiation in 3T3-L1 cells within the first 2 days of treatment,
indicating that the anti-adipogenic effect of methanol extract of C. crispus originated from the anti-proliferation of the cells. Post-confluent
3T3-L1 cells were induced to differentiate with MDI plus methanol extract of C. crispus (0, 5, 10 and 25 µg/ml). MTT assay was done at
24 and 48 hr for calibration of 3T3-L1 cell proliferation (A). Reconfirmation of the inhibitory effect of methanol extract of C. crispus on
the associated proliferation within 24 hr. Cells were stained with Annexin-PI solution (B). The error bars represent the standard deviation
of the mean of three independent experiments (*p < 0.01, **p < 0.05, ***p < 0.001 compared with differentiated control).
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control value in differentiated 3T3-L1 adipocytes. Western

blot analysis was done to examine the change in

expression of PPARγ2 and c/EBPα, the major transcrip-

tional factors related to the regulation of lipogenesis.

Consistent with the decreased lipid accumulation, methanol

extract of C. crispus treatment significantly decreased the

expression of PPARγ2 and c/EBPα during differentiation

(Fig. 1C).

Preadipocytes, which were in a state of pre-confluent

proliferation, grew until reaching the confluence state;

G0/G1 growth was arrested by contact inhibition, and

then the cells were left for another 2 days (Kim et al.,

2008). This period is when MCE occurs, resulting in a

doubling of the cell numbers (Zhang et al., 2004). Thus,

MCE is an event associated with adipocyte differentiation

and proliferation (Tang et al., 2003). 

To confirm whether inhibition of adipogenesis was due

to the inhibition of cell proliferation by methanol extract

of C. crispus, the MTT assay was used to measure the

cell viability of the adipocytes during the MCE period.

The results show that 25 µg/ml of methanol extract of C.

crispus was effective in reducing the 3T3-L1 adipocyte

proliferation up to 23.2% of control, and methanol extract

of C. crispus exhibited its inhibitory activity on the

proliferation of 3T3-L1 cells within the first 24 hours of

the MCE period (Fig. 2A). To confirm the inhibitory

effect of methanol extract of C. crispus on the associated

proliferation that occurred within 24 hours of treatment,

cells were stained with annexin V-PI solution. Annexin V-

PI double-staining analysis showed that treating the cells

with methanol extract of C. crispus reduced the number

of adipocyte cells in a dose-dependent manner (Fig. 2(B)).

MAPK is expressed constitutively by growth-arrested

3T3-L1 preadipocytes and is rapidly, within 1 hr after

induction, and transiently phosphorylated (Boney et al.,

2000). To confirm which signaling pathway methanol

extract of C. crispus affects for the inhibition of adipocyte

differentiation, 3T3-L1 cells were differentiated with MDI

in the absence or presence of methanol extract of C.

crispus (25 µg/ml) for 4, 8 and 24 hr. The signals for

ERK and p38 were then analyzed by western blots.

Methanol extract of C. crispus significantly decreased the

expression of ERK and p38 proteins (Fig. 3). 

Therefore, methanol extract of C. crispus inhibited

adipocytic differentiation of 3T3-L1 cells during the 2

days after confluence (MCE), indicating that the anti-

adipogenic effect of Carduus originated from an antiproli-

feration effect on the cells. Similar results have been

published: pigment epithelium-derived factor (PEDF)

suppressed adipogenesis via inhibition of early activation

of ERK and MCE (Wang et al., 2009). Also, genistein

inhibited the mitotic clonal expansion of 2-day post-

confluent 3T3-L1 preadipocytes (Harmon et al., 2001). In

addition, treatment with natural products such as

quercetin (Yang et al., 2008), evodiamine (Wang et al.,

2009), vitisin A (Kim et al., 2008), and resveratrol (Yang

et al., 2008) suppressed adipogenesis via inhibition of the

MAPK/ERK pathway in 3T3-L1 preadipocytes. 

In summary, methanol extract of C. crispus exhibited

its inhibitory activity on the proliferation of 3T3-L1 cells

during the 2 days after confluence (MCE) and inhibited

the expression of the adipogenic transcription factors, c/

EBPα and PPARγ2 through the ERK and p38 pathways.

These findings suggest that methanol extract of C. crispus

might be used for the amelioration of obesity.
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