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Abstract: α-Naphthoflavone (α-NF) is a synthetic flavonone derivative and is well known as a potent inhibitor of aro-
matase in a variety of systems. However, its role in lipid metabolism remains far from understood. The aim of current 
study was to investigate the effects of α-NF on 3T3-L1 pre-adipocytes differentiation and the mechanism through 
which it acts. Treatment of 3T3-L1 cells with α-NF in conjunction with a hormone cocktail resulted in α-NF mediated 
suppression of adipocyte differentiation in a dose dependent manner. At the molecular level, our findings demon-
strated that α-NF inhibited the mid and late phase, but not the early phase of adipogenic markers expression during 
3T3-L1 adipogenesis. The phosphorylation of p38 was activated upon adipogenic stimulation, yet was substantially 
suppressed by α-NF treatment. α-NF also synergistically inhibited expression of the adipogenic marker peroxisome 
proliferator-activated receptor gamma (PPARγ) expression together with p38 selective inhibitor, SB203580. Our 
study demonstrated for the first time that α-NF is capable of suppressing 3T3-L1 adipocyte differentiation and that 
this effect likely occurs through repression of the p38MAPK signaling pathway.
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Introduction

The rising prevalence of obesity is a worldwide 
health concern, especially for children and 
young adults because it can lead to serious 
health complications later in life [1]. Increased 
weight gain is a major contributor to multiple 
health outcomes including type 2 diabetes, car-
diovascular disease, metabolic disorder and 
cancers [2]. Excessive fat deposition is an 
imbalance between energy intake and expendi-
ture that results in an increase in either adipo-
cyte number or size, or both. Adipocytes can be 
generated from pre-adipocytes (precursors) or 
enlarged by excessive lipid accumulation. The 
essential step of adiocyte differentiation is the 
commitment from pre-adipocytes and this pro-
cess is regulated by an elaborate network of 
transcription factors that coordinate multiple 
genes expression. Peroxisome proliferator-acti-
vated receptor gamma (PPARγ) is a key regula-
tor of adipogenesis among transcription factors 

in particular [3]. The CCAAT/enhancer-binding 
protein(C/EBP) family also plays a vital role in 
promoting adipocyte differentiation [4]. C/EBPα 
and PPARγ coordinately drive downstream 
genes expression such as cluster of differentia-
tion 36, fatty acid binding protein 4, lipoprotein 
lipase and glucose transport protein 4 which 
are responsible for adipocytes phenotype [5].

The clinical importance of herbal drugs for 
treatment of obesity has received considerable 
attention during the past decades [6]. 
Flavonoids are groups of more than 6,000 poly-
phenolic compounds [7] that are present in 
medical plants, herbal remedies, fruits, vegeta-
bles and grains, and have been used in folk 
medicine around the world [8]. The human daily 
intake of all flavonoids is about hundreds of mil-
ligrams [9]. Generally, flavonoids are not consid-
ered as nutritive elements, however, these 
compounds have a wide arrange of biological 
activities including anti-oxidative [10], anti-
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inflammatory [11], gastroprotective [12], car-
dioprotective [13], anti-cancer [8], and modula-
tion of enzymatic activities [14]. Evidences 
from epidemiological studies revealed that 
there is an inverse correlation between higher 
daily consumption of flavonoids and the inci-
dence of several chronic diseases [15, 16]. A 
number of flavonoids, including anthocyanins, 
resveratrol, curcuma [17-19], have been identi-
fied as potential modulators of adipocyte 
differentiation.

Alpha-Naphthoflavone (α-NF) is a flavonoid that 
is acts as an inhibitor of certain types of cyto-
chrome p450 enzymes and as an antagonist at 
the aromatic hydrocarbon receptor (AhR) [20] 
(Figure 1). α-NF also possesses vasorelaxation 
induction and anti-platelet properties [21, 22]. 
Currently, the synthetic α-NF is used as an AhR 
antagonist or a selective Cyp1a inhibitor in a 
variety of systems. There is a paucity of data 
regarding the role of α-NF in adipocyte differen-
tiation. A deeper understanding of its actions 
on pre-adipocyte differentiation will aid in the 
evaluation of its potential for the treatment and 
prevention of obesity. Therefore, our present 
studies explore the consequences and possi-
ble mechanism ofaction of α-NF in a pre-adipo-
cyte cell culture model, 3T3-L1 cells.

Materials and methods

Reagents

α-NF, Oil Red O, SB203580, insulin, dihydroxy-
acetone-3-phosphate, 3-isobutyl-1-methylxan-
thine and dexamethasone were obtained from 
Sigma. Trizol was purchased from Invitrogen. 
Fetal calf serum and fetal bovine serum were 
purchased from Hyclone.

Cell culture and differentiation

3T3-L1 mouse pre-adipocytes were purchased 
from the Chinese Academy of Science 
(Shanghai, China) and were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) 
containing 10% calf serum and were main-
tained at 37°C in a humidified, 5% CO 2 incuba-
tor. All media contained 100IU/ml penicillin–
streptomycin. To differentiate the cells, two 
days after confluence, they were stimulated 
with hormone cocktail consisting of 10mg/ml 
insulin, 0.5 mM isobutylmethylxanthine, and 1 
mM dexamethasone in 10% FBS-DMEM medi-
um for 2 days. On day 3, the cocktail was 
replaced with 10mg/ml insulin only. This step 
was repeated every two days until the appear-
ance of mature adipocytes. A schematic of the 
procedure is presented in Figure 3A.

Cell viability by CCK8 assay

Cell viability was evaluated by conversion of 
Dojindo’s highly water-soluble tetrazolium salt 
WST-8 to a yellow-colored culture media solu-
ble formazan dye. The amount of formazan dye 
generated by the activity of dehydrogenases in 
cells is directly proportional to the number of 
living cells. 3T3-L1 cells were trypsinized and 
seeded at 1 × 104 cells/well in 96 well plates. 
After 24 hr, various concentrations of α-NF 
were added, followed by incubation for another 
24 or 48 hr. Then, 10 μL CCK8 (Dojindo, Japan) 
solution was added to each well. Plates were 
incubated for an additional 2 hr. The optical 
density of each well was measured using a 
microplate reader at a 450nm.

Oil red o staining

Cells in 6-well plates were washed twice with 
PBS and fixed for 15 min with 4% paraformalde-
hyde in PBS (pH 7.4). To prepare Oil Red O (ORO) 
working solution, ORO sock solution (0.5% in 
isopropanol, Sigma) was diluted with distilled 
water (3 parts of ORO stock + 2 parts of dis-
tilled water) and filtered through a 0.45mm fil-
ter. Fixed cells were then stained for 60 min 
with freshly prepared ORO working solution at 
room temperature and then washed with dis-
tilled water until the water was clear. The 
stained lipodroplets in the cells were visualized 
by light microscopy and photographed. ORO 
dye retained in the cell was quantified by elu-

Figure 1. Structure of α-Naphthoflavone.
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tion into isopropanol and measured at 500nm 
with a spectophotometer.

Quantification of triglycerides

On day 10 after differentiation, 3T3-L1 cells 
were washed twice with PBS, scraped on ice in 
100ml of saline solution, sonicated to homog-
enize and assayed for total triglyceride (GPO-
Trinder, Sigma) according to the method of 
Norris AW [23].

Real-time RT PCR

Cells were harvested in 1 ml of Trizol reagent 
(Invitrogen) and RNA was extracted according to 
the manufacturer’s instructions. cDNA synthe-
sis was performed with 1 µg of total RNA by 
MMLV reverse transcriptase (Promega). qPCR 
was performed in 96-well plates with the SYBR 
Green kit (ABI) in a Stepone Plus real-time PCR 
detection system, and the PCR baseline-sub-
tracted data were computer generated as 
described by the manufacturer (ABI). Cyclophilin 
and β-actin were used as reference genes for 
normalization according to amplification effi-
ciency of the target genes. The efficiency of 

10% or 12% SDS-PAGE gel electrophoresis, 
transferred onto a PVDF membrane (Millipore), 
blocked with 5% nonfat dry milk in TBST for 1 
hour at room temperature, and incubated with 
primary antibodies at 4°C overnight. After incu-
bated with HRP-conjugated secondary antibod-
ies for 1 hour at room temperature, immunore-
active proteins were detected with 
chemiluminescent ECL assay. Antibodies spe-
cific for PPARγ (1:500), phospho-p38 MAPK 
(Thr180/Tyr182) (1:500), p38 MAPK (1: 500) 
were from Cell Signaling Technology, and anti-
bodies specific for C/EBPα (1:500), C/EBPβ 
(1:500) were from Santa Cruz. Antibody β-actin 
(1:5000) was from Sigma, and all the second-
ary antibodies (1:5000) were from Promega.

Statistics

Results are expressed as the mean ± SEM 
unless otherwise mentioned. PRISM was used 
for statistical analysis. All statistical data were 
the average of three independent experiments. 
Two-tailed Student t test was performed to 
obtain P values. Statistical significance was 
established at * P<0.05.

Figure 2. Effect of α-NF on cell viability. 3T3-L1 pre-adipocytes were 
treated for 24 and 48 hr with various concentrations of α-NF(mg/ml). 
Cell viability was determined by CCK8 assay kit. Values are presented 
as OD at 450nm (mean ± SEM, n=3). 

PCR amplification for each gene 
was calculated by the standard 
curve method (E = 102 (1/log slope)). 
Gene expression was quantified 
by the comparative cycle thresh-
old method. To calculate the rela-
tive mRNA abundance of target 
genes (C/EBPα C/EBPβ, PPARγ, 
FABP4, Glut4, and p38) in 
response to α-NF, samples were 
compared to untreated adipo-
cytes after normalizaton to refer-
ence gene. Details of Primer sets 
are summarized in Table 1.

Immunoblot analysis

Right after treatments, 3T3-L1 
cells were collected and lysed in 
ice-cold RIPA lysis buffer with pro-
tease inhibitor cocktail (Sigma) 
and PMSF (Sigma). Supernatants 
were collected by centrifugation at 
12,000xg for 20 minutes and 
stored in -80°C until use. Protein 
concentration was measured by 
Bradford Assay. A total of 40-60 
mg protein were separated with 
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Results

Effect of α-NF on 3T3-L1 pre-adipocytes vi-
ability

To determine whether α-NF treatment affects 
cell viability in 3T3-L1 preadipocytes, we per-
formed a CCK8 assay. The results revealed that 
only subtle changes in preadipocytes viability 
at 1.25, 2.5, 5.0, 10mg/ml of α-NF compared 
to control, respectively. However, we found that 
20mg/ml α-NF significantly decreased 3T3-L1 
cell viability compared with untreated control 
cells (Figure 2).

α-NF inhibits adipogenic differentiation in 3T3-
L1 pre-adipocyte

Accumulation of intracellular lipid droplets is a 
phenotypic character of committed adipocytes 
which can be detected by Oil Red O (ORO). To 
explore the effect of α-NF on pre-adipocyte dif-
ferentiation, we first assessed lipid deposition 
in hormone cocktail treated 3T3-L1 cells by 
ORO. Two days after confluence, 3T3-L1 pre-
adipocytes were treated with hormone cock-
tail---Insulin (I), dexamethasone (D), and isobu-
tyl methyl xanthine (M), in the presence of FBS. 
Accumulated lipid droplets could be observed 
under high resolution microscopy as early as 
12 hr after induction; however, a more pro-
nounced phenotype was found after 6 days. 
3T3-L1 cells treated with different levels of 
α-NF in conjunction with hormone cocktail dur-
ing adipogenesis suppressed the intensity of 
ORO staining (Figure 3B), which indicates less 
lipdroplets deposition with α-NF administra-
tion. This effect was dose dependent and could 
be obtained as low as 1.25ug/ml of α-NF. To 
further evaluate the extent of differentiatial 
suppression by α-NF, we assessed cellular tri-

glyceride (TG) content via ORO dye and TG con-
centration (Figure 3C and D). Results from both 
experiments were correlated with ORO intensi-
ty. Of note, α-NF is better able to to inhibit 3T3-
L1 pre-adipocyte differentitation than to 
reverse it. Adding α-NF 48 hr after hormone 
cocktail administration could not effectively 
inhibit adipocyte differentiation.

α-NF inhibits mid- and late-phase adipogenic 
genes expression during 3T3-L1 differentiation

To investigate the mechanism involved in α-NF 
mediated inhibition of adipocyte differentia-
tion, q-RT-PCR and western blot were per-
formed to measure the effects of α-NF on gene 
expression during adipocyte differentiation. To 
this end, we assessed mRNA expression of the 
key genes C/ EBPα, C/EBPβ, PPARγ, Glut4, and 
FABP4, which are involved in early-, mid-, and 
late-phase differentiation of adipocytes, 
respectively. As expected (Figure 4A, upper 
and middle panels), α-NF suppressed the 
mRNA expression of C/EBPα, PPARγ, Glut4, 
and FABP4, which are involved mid- and late 
stage of differentiation. However, the expres-
sion of C/EBPβ, which is known to modulate 
mitotic clonal expansion (MCE) in early stage of 
differentiation, is remained unchanged. Protein 
expression of these adipogenic markers, C/
EBPα, PPARγ and Glut4, correlated well with 
mRNA levels (Figure 4B, lower panel).

α-NF inhibits the expression of adipogenic 
markers by modulating the p38MAPK pathway

Intracellular MAPK signalings plays a vital role 
in the regulation of cell proliferation and differ-
entiation [24]. There are three groups of kinas-
es (ERKs, JNKs and p38MAPK) in the MAPK 
Family. To investigate the signaling pathway 

Table 1. qRT-PCR primer sets for markers of adipogenesis
Gene name Forward primer Reverse primer Amplicon (bp)
PPARγ ACC CCC TGC TCC AGG AGA T TGC AAT CAA TAG AAG GAA CAC GTT 84
C/EBPα CGC AAG AGC CGA GAT AAA GC GCG GTC ATT GTC ACT GGT CA 81

C/EBPβ CGG GGT TGT TGA TGT TTT TGG CCG AAA CGG AAA AGG TTC TCA 151
FABP4 ACG ACA GGA AGG TGA AGA GC ACT CTT GTG GAA GTC ACG CC 154
GLUT4 TAC ATA CCT GAC AGG GCA AGG TTC GGG TTT AGC ACC CTT C 131
P38β CCT TGA CCA AGA AGA AAT G ACA GAC GAA CAG ACA GAC AC 200

P38β ACC AAG AAG TCC TTA GCT TC GTA GAG TTT CTC AAG GCA AG 200
JNK AAT GGT TTG CCA CAA AAT CC GAG TCA GCT GGG AAA AGC AC 201
ERK GCT CAC CCT TAC CTG GAA CA GGA CCA GAT CCA AAA GGA CA 201
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which involved in α-NF inhibition of 3T3-L1 dif-
ferentiation, we first measured the mRNA 
expression of several molecules which involved 
in MAPK signaling and found that α-NF 
decreased the expression of both p38 α and β 
isoforms significantly (Figure 5A and B). Further 
results indicated that α-NF also substantially 
suppressed phosphorylation of p38 (Figure 
5D) although total protein levels were only 
slightly decreased. Phosporylation of p38 regu-
lates diverse biological processes [25-27], 
many of which could contribute to the role of 
p38 in driving cell differentiation. Indeed, the 

p38 pathway has been shown to regulate adi-
pocyte differentiation by controlling PPARγ 
expression [28]. To further explore the role of 
p38 pathway involving in α-NF modulation of 
PPARγ expression, we measued PPARγ expres-
sion in response to the p38 antagonist, 
SB203580. We observed synergistic effect of 
α-NF on reduction of PPARγ and Glut4 expres-
sion with SB203580 during 3T3-L1 differentia-
tion (Figure 6A and B). These results suggested 
that α-NF inhibits 3T3-L1 pre-adipocytes differ-
entiation through PPARγ via p38MAPK 
signaling.

Figure 3. α-NF suppresses 3T3-L1 pre-adipocyte differentiation. Differentiation was initiated by adding 10mg/ml 
Isulin, 1mM Dexamethasone, and 0.5mM Isobutylmethylxanthine, (IDM) with presence of 10% FBS in postconflu-
enct 3T3-L1 pre-adipocytes. A. Schematic diagram indicates that α-NF was added on day0,3,5,7,9 during differen-
tiation. B. Intracellular lipid was stained by Oil Red O (ORO) on day 10. C. Quantification of ORO dye by spectorphot-
ometer at 500nm. D. Quantification of TG content by spectorphotometer at 540nm.
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Discussion

Obesity is a consequence of an imbalance 
between energy intake and energy expendi-
ture, which results in an excessive fat mass 
deposition. Adipose tissue expansion involves 
both increased adipocyte cell number (hyper-
plasia) and increased adipocyte cell size (hyper-
trophy) [29]. Therefore, treatments that regu-
late either the number or size of adipocytes or 
both may provide therapeutic options for treat-
ing obesity.

Due to the high costs and potential harmful 
side effects of pharmaceuticals, more and 
more people today seek the plant-based medic-

inal approaches to manage their body weights 
than ever before [30, 31]. Flavonoids are preva-
lent in dietary vegetables, fruits and grains [7, 
8]. The physiological concentrations of dietary 
flavonoids in human have been reported in the 
range about 0.5-4.4uM in plasma. α-NF is a 
synthetic flavone and has been intensively 
studied as an aromatase antagonist in various 
systems. However, its role in lipid metabolism 
remains largely unknown. In this study, we eval-
uated the effects of α-NF on adipogenesis in 
mouse 3T3-L1 pre-adipocytes.

Our study demonstrated for the first time that 
α-NF inhibits 3T3-L1 pre-adipocyte differentia-
tion by down-regulating the mid- and late- 

Figure 4. α-NF inhibits the expression of adipogenic markers duiring 3T3-L1 pre-adipocyte differentiation. Two-day 
postconfluent 3T3-L1 preadipocytes (day 0) were treated with the indicated concentrations of α-NF for 24 and 48 
hr. Cells were collected for genes expression in both mRNA and protein levels. A. qRT-PCR was performed for the 
mRNA expressions of adipogenic markers. B. The protein expression of adipogenic genes were evaluated by western 
blot. All the experiments are triplicated, * P< 0.05 vs. 48 hr controls. # P< 0.05 vs. 24 hr controls.
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phase of adipogenic genes expression. The 
genes involved include C/ EBPα, PPARγ, Glut4, 
and FABP4, but not C/EBPβ (Figure 4), an early 
stage of adipogenic marker which is responsi-
ble for MCE. Our results also demonstrate that 
the viability of differentiating 3T3-L1 cells is not 
significantly influenced by α-NF treatment 
(Figure 2). Therefore, the possibility that α-NF 
exerts its inhibition on 3T3-L1 differentiation by 
inducing cellular cytotoxicity can be ruled out. 
We focused our study on the effects of α-NF on 
pre-adipocyte differentiation.

At the molecular level, differentiation of preadi-
pocyte into adipocyte is regulated by a complex 
network of transcription factors that involves 
the sequential activation of hundreds of genes 
responsible for adipocyte phenotype [32, 33]. 
An understanding of the molecular and cellular 
biology of the adipocytes will be required to fully 
understand the causes and consequence of 
obesity, and to develop therapeutic strategy for 
prevention and treatment. Generally, the initial 
event will be the rapid induction of C/EBPβ 
when cells undergo the differentiation process 

Figure 5. α-NF inhibits 3T3-L1 pre-adipocyte differentiation involving p38 signaling pathway. A and B. The mRNA 
expressions of both p38α and p38β isoforms were down-regulated by α-NF during adipogenesis; C. α-NF slightly 
suppressed total p38 protein expression but not reached significantly level; D. After 20 and 40 minutes of hormone 
cocktail administration, phosphorylation of p-p38(thr180/tyr182) was significantly induced and was substainly in-
hibited by α-NF.



α-Naphthoflavone suppresses adipogenesis

175 Int J Clin Exp Pathol 2013;6(2):168-178



α-Naphthoflavone suppresses adipogenesis

176 Int J Clin Exp Pathol 2013;6(2):168-178

in response to adipogenic signals [32, 33]. And 
sequentially, C/EBPβ is responsible for the 
induction of PPARγ, a master regulator of adipo-
genesis. PPARγ and C/ EBPα induce the expres-
sion of multiple adipocyte specific genes, such 
as FABP4, Perilipin, and Glut4, which are impor-
tant for adipocyte phenotypic development. 
Our findings confirm that α-NF suppresses cel-
lular differentiation of 3T3-L1 cells not only at 
the mRNA and protein levels of PPARγ and C/ 
EBPα, but also by decreasing expression of sev-
eral target genes of PPARγ including FABP4 and 
GLUT4. However, our results demonstrate that 
exposing 3T3-L1 pre-adipocytes to α-NF during 
adipogenesis decreases both mRNA and pro-
tein expressions of C/EBPα, PPARγ, but not C/
EBPβ (Figure 4). Therefore,α-NF induced sup-
pression of C/EBPα and PPARγ induced by 
adipogenic stimulation occurs independently of 
C/EBPβ expression.

Intracellular MAPK signalings play a vital role in 
the regulation of cell proliferation and differen-
tiation. Numerous studies have verified that the 
ERK pathway regulates multiple steps of adipo-
genesis from stem cells to mature adipocyte 
[34], but the JNK pathway is not directly impli-
cated in adipocyte differentiation. The role of 
p38MAPK in adipocyte differentiation remains 
controversial. Takenouchi et al demonstrated 
that p38 activation is required for adipocyte dif-
ferentiation in 3T3-L1 [35] and inhibition of 
p38 early in 3T3-L1 differentiation decreased 
adipocyte formation [36]. However, Aouadi et al 
provided evidence that suppressing p38 path-
way increases adipogenesis [37]. In the pres-
ent study, p38 phosphorylation was observed 
during the early phase of differentiation upon 
adipogenic stimulation. Treatment with α-NF 
inhibited p38 phosphorylation effectively along 
with inhibition of PPARγ and C/EBPα expres-
sion, which demonstrated that α-NF sup-
pressed adipocyte differentiation partially by 
suppressing the phosphorylation of p38 (Figure 
5). It was also found that SB203580, a specific 
inhibitor of p38, inhibited PPARγ expression 
and also exhibited synergistic effects on PPARγ 
expression together with α-NF, which indicated 

that the effect of α-NF on 3T3-L1 differentia-
tion, at least, was partially due to the inhibition 
of p38 signaling.

In summary, our study suggests a new role of 
α-NF in inhibition of adipogenesis through tar-
geting the mid- and late-stage biochemical and 
cellular events of cell differentiation including 
PPARγ, C/EBPα and GLUT4, FABP4 expression. 
Although α-NF was unable to suppress C/EBPβ 
expression in the early stage of differentiation, 
we can not rule out the possibility that α-NF has 
a potential effect on early adipogenesis. 
Because the anti-adipogenic effects of α-NF 
were observed only when α-NF was added to 
the 3T3-L1 cell on day 0, but not day 3 after 
differentiation was initiated, our data suggests 
a complicated mechanism that requires further 
study.

Taken together, our findings provide the first 
evidence that α-NF is capable of suppressing 
3T3-L1 adipogenesis and also suggests a pos-
sible mechanism involving p38MAPK signaling, 
which may open a novel avenue for the devel-
opment of new treatments for obesity.
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