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Abstract In this study, the inhibitory effects of bamboo

leaf extracts on adipogenesis were investigated by evalu-

ating their activity against adipogenic transcription factors

and enzymes in 3T3-L1 adipocytes. Bamboo leaf extracts

significantly decreased triglyceride levels, and increased

glycerol release in adipocytes. Cells treated with the water

extract showed significantly higher glycerol release as well

as lower triglyceride contents than those treated with the

ethanol extract. Both bamboo leaf extracts significantly

inhibited the expression of adipogenic transcription factors

and enzymes, such as CCAAT/enhancer-binding protein a,
sterol regulatory element binding protein 1c, peroxisome

proliferator-activated receptor c, acetyl-coenzyme A car-

boxylase, and fatty acid synthase, and increased the

expression of phospho-adenosine monophosphate-acti-

vated protein kinase. These results show that bamboo leaf

extracts inhibited adipogenesis in 3T3-L1 adipocytes and

that the water extract was more efficacious than the ethanol

extract.
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Introduction

The prevalence of obesity has increased markedly in recent

years and has become a worldwide public health problem

[1]. Obesity is the leading metabolic disease globally and is

closely associated with coronary heart disease, hyperten-

sion, type 2 diabetes mellitus, cancer, respiratory compli-

cations, and osteoarthritis [2, 3]. Consumption of high-

calorie diets promotes the mitotic clonal expansion of

preadipocytes and stimulates adipogenesis, leading to the

development of obesity [4]. Intra-abdominal visceral fat

accumulation, which depends on adipocyte proliferation

and differentiation of preadipocytes, directly contribute to

the occurrence of obesity [5].

The differentiation of preadipocytes is controlled by

several transcription factors, namely, CCAAT/enhancer-

binding protein a (C/EBPa), sterol regulatory element

binding protein 1c (SREBP-1c), and peroxisome prolifer-

ator-activated receptor c (PPARc) [6]. They are known as

critical activators of adipogenesis and regulate the action of

enzymes, such as acetyl-coenzyme A carboxylase (ACC)

and fatty acid synthase (FAS). In addition, the activation of

adenosine monophosphate-activated protein kinase

(AMPK) in adipocytes attenuates lipid synthesis through

modulation of lipogenic enzyme activities [7].

Bamboo (Phyllostachys bambusoides) leaf was usually

as used as tea, it have been consumed for more than

1000 years in Asia for nutrition and as folk medicine.

Bamboo leaf has gained attention for their various bio-

logical functions, such as anti-aging, antibacterial, antivi-

ral, and anti-atherosclerosis activities, as well as for their

role in enhancing immunity and preventing degenerative

diseases [8–10]. However, no studies have yet been

reported on the efficacy of bamboo leaf extract in inhibiting

adipogenesis. In this study, the effects of ethanol and water
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extracts of bamboo leaf in 3T3-L1 adipocytes were

investigated by measuring glycerol, and triglyceride con-

tents. Furthermore, to investigate the inhibitory mechanism

of bamboo leaf extracts on adipogenesis in 3T3-L1 adi-

pocytes, we measured the expression levels of adipogenic

transcription factors and their target genes.

Materials and methods

Extraction of bamboo leafs

Bamboo leaf (P. bambusoides Siebold & Zucc) was pur-

chased from Human Herb (Kyungsan, Korea). The samples

were rinsed carefully with fresh water and freeze-dried,

before extraction with water and 30% ethanol. The water

extract (BW) was subjected to extraction for 2 h at 100 �C,
while the ethanol extract (BE) was subjected to extraction

for 3 h at 80 �C (1:10, v/v of sample). The extracts were

spray-dried using a spray dryer (Tokyo, Japan). Com-

pressed air was used as the atomizing gas while condi-

tioned room air served as the inlet drying gas. After spray

drying, the dried extracts were powdered prior to use in

experiments.

Cell culture and adipocyte differentiation

Mouse 3T3-L1 preadipocytes were grown to confluence in

Dulbecco’s modified Eagle’s medium (DMEM) with 10%

bovine calf serum at 37 �C in a humidified atmosphere of

5% CO2. One day post-confluence (designated ‘‘day 0’’),

cell differentiation was induced with a mixture of

methylisobutylxanthine (0.5 mM), dexamethasone

(0.25 lM), and insulin (5 lg/mL) in DMEM containing

10% fetal bovine serum (FBS). After 48 h (day 2), DMEM

containing 10% FBS and insulin (5 lg/mL) was replaced

every two days. The sample was added to the culture

medium from days 3 to 8 to investigate its effect on lipid

accumulation and triglyceride hydrolysis.

MTT assay

The 3T3-L1 adipocytes were seeded at a density of

1 9 104 cells/well in 96-well plates and treated with var-

ious concentrations of the sample for 72 h. After treatment,

the adipocytes were incubated with MTT solution for 4 h at

37 �C. The supernatants were aspirated and dimethyl sul-

foxide was added to each well. After 15 min of incubation,

absorbance was measured at 540 nm by using an enzyme-

linked immunosorbent assay (ELISA) plate reader.

Oil red O staining

On day 8, 3T3-L1 cells were washed twice with PBS and

fixed with 10% (v/v) fresh formalin for 2 h. Cells were

stained with Oil red O working solution for 1 h. After the

staining solution was removed, stained lipid droplets in

3T3-L1 cells were washed four times with distilled water.

The cells stained with Oil red O were visualized using an

microscopy with image analysis (Leica Microsystems,

Bensheim, Germany).

Measurement of triglyceride content

The triglyceride content of the adipocyte lysates was

determined by using the triglyceride quantification colori-

metric/fluorometric kit (Biovision Inc., Mountain View,

CA, USA) according to the manufacturer’s instructions.

Measurement of glycerol content

Glycerol levels in the medium were measured using a free

glycerol determination kit (Sigma, St. Louis, MO, USA)

with glycerol standards for calibration. Briefly, 200 lL of

free glycerol reagent reconstituted in distilled water was

mixed with 50 lL of distilled water (blank), glycerol

standard, or test samples in the presence of adipocytes.

Thereafter, the mixtures were incubated at 37 �C for

15 min, and the absorbance of the solution was measured at

540 nm by using a microplate reader.
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Fig. 1 Effect of bamboo leaf extracts on cell viability of 3T3-L1

adipocytes. Differentiated 3T3-L1 adipocytes were treated with

various concentrations (0, 50, 100, 200, and 400 lg/mL) of bamboo

leaf extracts and incubated for 72 h at 37 �C in a humidified incubator

containing 5% CO2. Each value is expressed as mean ± SD (n = 3).

NS not significant, BE bamboo leaf ethanol extract, BW bamboo leaf

water extract
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Immunoblotting

Adipocytes were homogenized with ice-cold lysis buffer

containing 250 mMNaCl, 25 mMTris-HCl (pH 7.5), 1% (v/

v) NP-40, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl

fluoride, and protein inhibitor cocktail (10 lg/mL aprotinin

and 1 lg/mL leupeptin). The adipocytes were centrifuged at

20,000 g for 15 min at 4 �C. The supernatants were used as

total protein extracts. The total protein content was deter-

mined using a Bio-Rad protein kit, with bovine serum albu-

min as the standard. The lysate containing 20 lg of protein

was subjected to 10%sodiumdodecyl sulfate-polyacrylamide
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Fig. 2 Effect of bamboo leaf extracts on Oil red O staining images

(A) and triglyceride content (B) in 3T3-L1 adipocytes. Differentiated

3T3-L1 adipocytes were treated with different concentrations (0, 50,

and 100 lg/mL) of bamboo leaf extracts and incubated for 8 days at

37 �C in a humidified incubator containing 5% CO2. Each value is

expressed as mean ± SD (n = 3). a–dValues with different letters are

significantly different (P\ 0.05) as analyzed using Duncan’s multi-

ple range test. BE bamboo leaf ethanol extract, BW bamboo leaf water

extract, HCA hydroxycitric acid
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gel electrophoresis (SDS-PAGE). The separated proteins

were transferred electrophoretically onto a pure nitrocellulose

membrane, blocked with 5% skimmed milk solution for 1 h,

and incubated with primary antibodies (1:1000; Abcam,

Cambridge, UK) overnight at 4 �C. After washing, the blots
were incubated with goat anti-rabbit or goat anti-mouse IgG

horseradish peroxidase-conjugated secondary antibody for

1 h at room temperature (37 �C). Each antigen–antibody

complex was visualized using ECL Western blotting detec-

tion reagents and detected using chemiluminescence with a

LAS-1000 plus imaging system (FUJIFLIM, Tokyo, Japan).

Band densities were determined using an image analyzer

(FUJIFILM) and normalized to b-actin.

Statistical analysis

Each experiment was performed in triplicate. The results

were expressed as the mean ± standard deviation (SD).

Statistical analysis, including analysis of variance, was

performed using SAS 9.1 software. Significant differences

(P\ 0.05) between the means were determined using

Duncan’s multiple range test.

Results and discussion

Effect of bamboo leaf extracts on cell viability

Inhibition of adipogenesis is emerging as a therapeutic

alternative for the prevention and treatment of obesity and

obesity-mediated metabolic syndromes [11]. However,

currently available drugs for the treatment of obesity cause

undesirable side effects. Consequently, the use of natural

products to combat obesity is rapidly increasing. In Korean

and Chinese traditional medicine, bamboo leaf extract is

used to treat various diseases [12], owing to the presence of

numerous naturally occurring organic compounds. The

ethanol and water extracts of bamboo leaf mainly contain

flavonoids, phenolic acids, phytosterols, amino acids, and

other microelements [13, 14]. In this study, we compared

the adipogenesis inhibiting effects of bamboo leaf ethanol

extract (BE) and water extract (BW) via adipogenic tran-

scription factor regulation in 3T3-L1 adipocytes.

We first examined the effect of the bamboo leaf extracts

on the viability of 3T3-L1 adipocytes. The adipocytes were

exposed to various concentrations (50–400 lg/mL) of BE

and BW. Intracellular toxicity was measured using MTT

assay. The results showed that BE and BW did not decrease

cell viability, with no significant cytotoxic effect observed

up to an extract concentration of 400 lg/mL (Fig. 1).

Effect of bamboo leaf extracts on lipid accumulation

Fat accumulation in the adipose tissue occurs at the late

stage of adipogenesis and is associated with increased

triglyceride concentrations [15]. Therefore, triglyceride

accumulation in 3T3-L1 adipocytes was measured as an

index of adipogenesis. The images of Oil red O staining

shown in Fig. 2(A) suggested that bamboo leaf extract

suppressed lipid accumulation. Untreated control cells

were observed with plenty of lipid droplets. On the other

hand, the bamboo leaf exract-treated cells were observed

with less lipid droplets compared to the control cells.

Triglyceride content was quantified by measuring triglyc-

eride quantification colorimetric/fluorometric kit. Triglyc-

eride contents in adipocytes treated with the bamboo leaf

extracts were significantly lower than those in untreated

adipocytes. Triglyceride content decreased from 126.2 lg/
mg protein to 116.4 and 112.8 lg/mg protein (BE), and

116.1 and 93.3 lg/mg protein (BW), upon administration

of 50 and 100 lg/mL extracts, respectively [Fig. 2(B)].

Hence, BW was more potent than BE in reducing triglyc-

eride content in adipocytes. Treatment with hydroxycitric

acid (HCA), the positive control, reduced triglyceride

content to 98.01 lg/mg protein at a concentration of

100 lg/mL, which was not significantly different com-

pared with the 100 lg/mL BW treatment.

Triglyceride hydrolysis in adipocytes releases glycerol

and free fatty acids [16]. To determine whether the

reduction in triglyceride content was associated with

lipolysis, the amount of glycerol released into the medium

was measured. As shown in Fig. 3, treatment with bamboo

leaf extracts significantly increased glycerol release. The
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Fig. 3 Effect of bamboo leaf extracts on glycerol release in 3T3-L1

adipocytes. Differentiated 3T3-L1 adipocytes were treated with

different concentrations (0, 50, and 100 lg/mL) of bamboo leaf

extracts and incubated for 8 days at 37 �C in a humidified incubator

containing 5% CO2. Each value is expressed as mean ± SD (n = 3).
a–cValues with different letters are significantly different (P\ 0.05) as

analyzed using Duncan’s multiple range test. BE bamboo leaf ethanol

extract, BW bamboo leaf water extract, HCA hydroxycitric acid
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amount of glycerol released increased from 18.1 lg/mL to

28.5 and 31.5 lg/mL (BE), and 30.6 and 33.4 lg/mL

(BW), after treatment with 50 and 100 lg/mL extracts,

respectively. This clearly shows that the bamboo leaf

extracts significantly increased glycerol release and that

BW induced a stronger effect than BE. Glycerol release

after 100 lg/mL HCA treatment was 32.09 lg/mL, similar

to that after 100 lg/mL BW treatment. These findings

indicate that BW exerted a stronger inhibitory effect on

lipid accumulation in 3T3-L1 adipocytes than BE. Water-

soluble flavone C-glucosides, i.e. orientin, isoorientin,

vitexin, and isovitexin, have been previously isolated from

bamboo leaf and shown to possess biological functions

[17]. Isoorientin and vitexin in particular, have been

reported to inhibit triglyceride accumulation and increase

glycerol release in 3T3-L1 adipocytes [18, 19]. Although

water would favorably dissolve more polar plant

polyphenols than other solvents, ethanol could also

dissolve polar plant polyphenols [20]. Thus, both BE and

BW were effective in reducing lipid accumulation because

the compounds such as isoorientin and vitexin were soluble

in not only water but also ethanol. However BW treatment

might decrease more triglyceride content and increase

more glycerol release in 3T3-L1 adipocytes than BE

treatment since the compounds were more favorably sol-

uble in water than ethanol.

Effect of bamboo leaf extracts on the protein

expression of adipogenic factors

Adipogenesis involves a highly regulated and coordinated

cascade of transcription factors, such as members of the

PPARc, C/EBPs, and SREBP family of proteins, which

together contribute to adipocyte development [21]. Fat

accumulation is associated with PPARc activation. Thus,

modulation of PPARc activity may be an effective way to
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Fig. 4 Effect of bamboo leaf extracts on the expression (A) and

levels (B) of PPARc, C/EBPa, and SREBP-1c in 3T3-L1 adipocytes.

Western blot signal intensities were determined through densitometric

analysis by using Multi Gauge V3.1 software. Representative blots

are shown with expression levels quantified relative to those observed

in untreated adipocytes. a–dValues with different letters are signifi-

cantly different (P\ 0.05) as analyzed using Duncan’s multiple

range test
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control obesity [22]. In this study, 50 and 100 lg/mL BE

and BW treatments considerably reduced the expression

level of PPARc in 3T3-L1 adipocytes to 79 and 68% (BE),

and 81 and 70% (BW), respectively, relative to that in

untreated adipocytes (Fig. 4). In addition, PPARc expres-

sion levels after BE and BW treatments (100 lg/mL) were

significantly lower than that after HCA treatment (100 lg/
mL). Adipocyte differentiation promotes PPARc activity,

which induces the binding of C/EBPa to its promoter

region. The transcription factor C/EBPa is critical to adi-

pogenesis [23] and is induced relatively late during adi-

pocyte differentiation—after the induction of PPARc, but
before the synthesis of enzymes and proteins characteristic

of fully differentiated cells [24]. Both BE and BW treat-

ments also significantly decreased the expression of

C/EBPa in the adipocytes (Fig. 4). The C/EBPa expression

level in the adipocytes treated with 50 and 100 lg/mL BE

and BW decreased significantly to 83 and 63% (BE), and

79 and 59% (BW), respectively, relative to that in control

adipocytes. Moreover, 100 lg/mL BW appeared a signifi-

cantly stronger inhibitory effect than 100 lg/mL BE on

C/EBPa expression.

Another important transcription factor in adipogenesis,

SREBP-1c, cross-activates a ligand binding domain of

PPARc and regulates the expression of enzymes involved

in adipogenesis [6, 25]. The expression levels of SREBP-1c

in the adipocytes treated with 50 and 100 lg/mL BE and

BW decreased significantly to 81 and 73% (BE), and 80

and 74% (BW), respectively, compared with that in

untreated adipocytes. Interestingly, there was no significant

difference between the effects of BE and BW treatments.

Comparing HCA treatment (100 lg/mL), there was no

significant difference between HCA and BE or BW

(100 lg/mL) in reducing SREBP-1c expression.

Further, SREBP-1c regulates the expression of the key

enzymes of adipogenesis, FAS and ACC [6]. Both bamboo
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Fig. 5 Effect of bamboo leaf extracts on the expression (A) and

levels (B) of FAS, ACC, and p-ACC in 3T3-L1 adipocytes. Western

blot signal intensities were determined through densitometric analysis

by using Multi Gauge V3.1 software. Representative blots are shown

with expression levels quantified relative to those observed in

untreated adipocytes. a–eValues with different letters are significantly

different (P\ 0.05) as analyzed using Duncan’s multiple range test
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leaf extracts significantly inhibited the expression of these

enzymes (Fig. 5). The role of FAS in lipogenesis is to

regulate fatty acid synthesis [26]. The FAS expression level

in adipocytes treated with 50 and 100 lg/mL BE and BW

decreased to 91 and 80% (BE), and 85 and 70% (BW),

respectively, compared with that in control adipocytes.

Moreover, its expression levels in 100 lg/mL BW-treated

cells were significantly lower than that in 100 lg/mL

HCA-treated cells (positive control). The function of ACC

is to convert acetyl-CoA, an essential substrate of fatty

acids, to malonyl-CoA [27, 28]. The ACC expression level

in the adipocytes treated with 50 and 100 lg/mL BE and

BW decreased to 88 and 83% (BE), and 85 and 74% (BW),

respectively, relative to that in untreated adipocytes. On the

other hand, bamboo leaf extract treatment significantly

increased the levels of p-ACC. The p-ACC expression

level in adipocytes treated with 50 and 100 lg/mL BE and

BW increased to 166 and 180% (BE), and 169 and 195%

(BW), respectively, compared with that in control adipo-

cytes. Since the phosphorylation of ACC inhibits the

enzyme’s activity, increased levels of p-ACC by bamboo

leaf extract treatment would lead to a decrease in fatty acid

biosynthesis [29]. These results show that the inhibition of

lipogenesis in 3T3-L1 adipocytes by bamboo leaf extracts

may be mediated in part through downregulation of FAS

and ACC and upregulation of p-ACC. In addition, BW

treatment significantly decreased more FAS and ACC

expression levels than BE treatment in the adipocytes.

Lipogenesis is the enzymatic process by which glycerol is

esterified with free fatty acids to form triglyceride [30].

Therefore, BW treatment inhibited more secretion of

lipogenesis enzymes and decreased more triglyceride

contents than BE.

Effect of bamboo leaf extracts on the expression

of pAMPK

The regulatory factor, AMPK is involved in the regulation

of body weight, systemic glucose homeostasis, lipid

metabolism, mitochondrial biogenesis, and insulin signal-

ing [31]. Activation of AMPK by phosphorylation may

potentially inhibit adipocyte differentiation and control

obesity [32]. To examine whether bamboo leaf extracts had

an effect on the activity of AMPK, the levels of phos-

phorylated-AMPK and AMPK were determined by Wes-

tern blot analyses. The p-AMPK/AMPK ratio in the

adipocytes treated with 50 and 100 lg/mL BE and BW

were increased to 1.4 and 1.7% (BE), and 1.5 and 1.9%

(BW), respectively, relative to that in untreated adipocytes.

BW treatment resulted in higher p-AMPK/AMPK ratio

than BE treatment. Furthermore, p-AMPK/AMPK ratio

after 100 lg/mL BW treatments was significantly higher

than that after treatment with HCA, the positive control

(Fig. 6).

In conclusion, bamboo leaf extracts inhibited adipoge-

nesis in 3T3-L1 adipocytes by reducing lipid accumulation.

Comparing the two extracts, BW showed stronger adipo-

genesis-suppressing effects than BE did. Treatment with

BW led to lower FAS and ACC expression, as well as

higher p-ACC and p-AMPK expression, than treatment

with BE did. The results of the present study suggests that

BW is a better candidate than BE as an alternative therapy

to control obesity.
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