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Abstract

Resveratrol (trans-3,4’,-5-trihydroxystilebene), a calorie restriction
mimetic, exerts anti-aging, anti-oxidative and immunomodulatory
activities. However, both aging and resveratrol have been shown to
inhibit the differentiation of preadipocytes. Since relatively high doses
of resveratrol were employed previously, we reexamined the dose-
dependent effects of resveratrol on 373-L1 preadipocyte differentiation.
Although 40 uM resveratrol inhibited adipogenesis, low doses (10-20
uM) promoted the differentiation of 3T3-L1 cells as evidenced by the
enhanced levels of glycerol-3-phosphate dehydrogenase (GPDH)
activity and lipid droplet accumulation, and by the increased mRNA
expression of mature adipocyte markers such as adipocyte fatty acid-
binding protein (aP2) and adiponectin. Resveratrol (15 uM) treatment
enhanced protein levels of C/EBP3, C/EBPa and PPARy which are
master transcription factors governing adipocyte differentiation.
Furthermore, 15 pM resveratrol induced CD36, an adipogenesis
promoter, whereas 35 uM resveratrol repressed it during adipogenesis.
Moreover, CD36 neutralizing antibodies attenuated the promoting
effect of 15 uM resveratrol on adipogenesis. Resveratrol at 35 uM, but
not 15 uM, up-regulated HO-1, a known adipogenesis inhibitor. These
results suggest that CD36 and HO-1 at least partly mediate biphasic
effects of resveratrol on adipogenesis, and that low doses of resveratrol
enhance adipogenesis of 373-L1 cells by up-regulating CD36, whereas
high doses of resveratrol inhibit adipogenesis by reducing CD36 and
elevating HO-1.

Introduction

Caloric restriction increases lifespan in several species including
C. elegans, yeast, Drosophila, fishes, mice, rats, dogs and probably
monkeys [1,2]. Resveratrol (3,4’,5-trihydroxystilbene), a naturally
occurring polyphenol found in grapes, berries, peanuts and other
plants, has been shown to mimic the effect of calorie restriction on
extendinglifespan of yeast, C. elegans and Drosophila [3,4]. Resveratrol
extends lifespan of yeast, C. elegans, and Drosophila, possibly
through activation of AMPK and/or Sir2, a NAD-dependent histone
deacetylase [3-5]. Accumulated studies suggest that resveratrol also
exerts beneficial effects on numerous age-associated diseases such as
cancers, diabetes, Alzheimer disease, and cardiovascular disease [6-
9].

Aging is known to reduce the differentiating ability of
preadipocytes into adipocytes [10-12]. PPARy and C/EBPa are key
transcription factors regulating the adipocyte differentiation [13-
16]. Expression of PPARy and C/EBPa declines with aging in rat
preadipocytes from various ages and reduced PPARy and C/EBPa
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levels are responsible for the inhibition of adipogenesis of aged
preadipocytes [10-12]. Since resveratrol exerts anti-aging effects, it
is expected that resveratrol would promote adipogenesis. However,
several studies reported that resveratrol inhibits rather than enhances
the adipogenic differentiation of 3T3-L1 cells [17-19].

The inhibitory effect of resveratrol on the differentiation of 3T3-
L1 cells seems contradictory to its anti-aging effects. Since previous
studies employed relatively high doses (35-50 uM) of resveratrol
[17-19], we examined the dose-dependent effects of resveratrol on
adipogenesis, and found that although high doses of resveratrol did
inhibit adipogenesis as previously reported, low doses of resveratrol
promoted the differentiation of 3T3-L1 preadipocytes into adipocytes.
In this study, we also investigated the underlying mechanisms that
mediate the biphasic effects of resveratrol on adipogenesis.

Methods and Materials

Leupeptin and pepstatin A were obtained from Tocris (Bristol,
UK). Dulbecco’s modified Eagle medium (DMEM), fetal bovine
serum (FBS), insulin, TRIzol reagent, penicillin, and streptomycin
were purchased from Life Technologies (Grand Island, NY, USA).
The BCA protein assay kit was obtained from Pierce Biotechnology
(Rockford, IL, USA). The enhanced chemiluminescence blotting
detection system was purchased from Perkin Elmer (Waltham,
MA, USA). Antibodies against PPARy, C/EBPB, C/EBPS, SirT1,
p-Akt, p-Akt™%, Akt, adiponectin and the HRP-linked secondary
antibodies were purchased from Cell Signaling (Danvers, MA,
USA). The antibody against C/EBPa was obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Antibodies against CD36,
p-AMPKI1™#/AMPK2™> AMPK and HO-1 were obtained from
Abcam (Cambridge, MA, USA). The antibody against Nrf2 was
purchased from Cayman Chemical (Ann Arbor, MI, USA). The
antibody against P-actin was purchased from Novus Biologicals
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(Littleton, CO, USA). The Immobilon-P PVDF membrane was
purchased from Millipore (Billerica, MA, USA). The RevertAid
H Minus First Strand cDNA Synthesis Kit was purchased from
Fermentas (Glen Burnie, MD, USA). Resveratrol and other common
chemicals were obtained from Sigma (St. Louis, MO, USA).

Cell culture and adipogenesis

3T3-L1 mouse embryo fibroblasts were obtained from American
Type Culture Collection (CL-173). 3T3-L1 preadipocytes were seeded
at a density of 1x10° cell/dish in 6 cm dish, and grown in DMEM
containing 10% FBS, 3.7 g/L NaHCO,, 5.9575 g/L HEPES, and 100 U/
ml penicillin/streptomycin at 37 °C, 5% CO,. Cells were addition of
different dose of resveratrol, when cells were ~95% confluence. For the
induction of differentiation, one day after the addition of resveratrol
(d0), preadipocytes were incubated with DMEM containing 0.5 mM
3-isobutyl-1-methylxanthine (IBMX), 1 pM dexamethasone, 1.7 pM
insulin, and 10% FBS at 37 °C, 5% CO, for two days. The induction
media was replaced with 10% FBS/DMEM medium containing 1.7
uM insulin and cultured for two days, followed by replacing the fresh
medium every other day [20].

Cell viability assay

Cell viability was measured by MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide) assay by solubilizing the
formazan with ethanol. 3T3-L1 preadipocytes were seeded (10* cells/
well) in 96-well plates. After overnight culture, cells were incubated
with either 0.1% ethanol or resveratrol (5, 10, 15, 20, 25, 30, 35, 40, 45
and 50 uM) for 24 and 48 hour. Cell viability assay was performed as
per the manufacturer’s instructions. The absorbance was measured
at 570 and 640 nm in a plate reader to determine the formazan
concentration, which is proportional to the number of live cells [21].

Oil red O staining

Differentiated 3T3-L1 cells were washed twice with phosphate-
buffer saline (PBS), fixed with 5% paraformaldehyde at room
temperature for one hour. The fix solution was removed and cells
were stained with Oil Red O (0.5% oil red O in dextrin) for one hour.
Stained cells were washed with PBS and visualized. The lipid contents
were quantified by measuring the OD at 510 nm [20].

Glycerol-3-phosphate dehydrogenase (GPDH) activity

On day 5 after the induction of differentiation, 3T3-L1 cells
were washed twice with PBS, incubated, and scraped with the
homogenization buffer containing 0.25 M sucrose, 1 mM EDTA, 1
mM dithiothreitol, and 5 mM Tris-HCI (pH 7.6). Homogenates were
sonicated on ice for 5 sec three times, and centrifuged at 12000 rpm
for 10 min at 4 °C. Protein amounts in supernatants were determined
and enzyme activities (U/mg protein/min) were obtained from the
decline of absorbance of NADH at OD 340 nm within 8 min [20].

Semi-quantitative reverse transcription PCR

Total RNAs from 3T3-L1 was extracted using the TRIzol reagent
(Invitrogen) and reverse transcribed to cDNA with the RevertAid H
Minus First Strand cDNA Synthesis Kit. The cDNA primer sequences
for adiponectin were 5-TGATGGCAGAGATGGCACTC-3'
(forward) and 5-TTCTCCAGGCTCTCCTTTCC-3' (reverse), for
aP2 was 5'-TCTCACCTGGAAGACAGCTCCTCCTCG-3' (forward)

and 5-TTCCATCCAGGCCTCTTCCTTTGGCTC-3’ (reverse), and
for the internal control 18S were 5'-GGGAGCCTGAGAAACGGC-3'
(forward) and 5'-CCGCTCCCAAGATCCAACTAC-3' (reverse). The
PCR thermal programs were as follows: 95 °C for 2 min, and followed
by 30 and 25 cycles of amplification 95 °C for 30 s, 56 °C for 30 s, 72
°C for 30 s by for aP2 and 18S genes respectively, a final extension step
was 72 °C for 5 min. For adiponectin gene amplification, a ‘stepdown’
thermal procedure was used: an initial 10 cycles of 94 °C for 30 s, 74
to 54 °C for 15 s (decreased the annealing temperature 2 °C per cycle),
72 °C for 30 s, and followed by 94 °C for 30's, 54 °C for 15s, 72 °C for
30 s for 25 cycles, the final extension step was 72 °C for 5 min. The
PCR products were separated on 1.5% agarose gel and visualized by
ethidium bromide under UV light [22]. The relative levels of genes
were normalized with 18S expression.

Immunoblotting

3T3-L1 preadipocytes or adipocytes were washed twice with cold
PBS. For total cell lysate extraction, cells were lysed with RIPA-B lysis
buffer (150 mM NaCl, 200 mM Na HPO,, 1% Triton X-100, 0.1 M
NaF, 2 mM sodium orthovanadate, I mM PMSF, 0.8 mM aprotinin,
and 20 mM leupeptin), scraped and then centrifuged at 13000 rpm
for 20 minute at 4 °C to remove insoluble materials. Fifty microgram
of total proteins were subjected to SDS-PAGE, and then transferred
to PVDF membrane. Membranes were blocked with 5% skim milk-
PBST (14.7 mM NaH_PO, * H,0O, 80.93 mM Na HPO,, 1.45 M NaCl
and 0.5% Tween-20) for 1 hour, washed with PBST, and incubated
with primary antibodies at 4 °C for overnight. Blotted membranes
were washed several times with PBST and incubated with horse
radish peroxidase-conjugated secondary antibodies for 1 hr at room
temperature. After four washing with PBST, proteins were visualized
with the enhanced chemiluminescence blotting detection system [20-
22].

Statistical analysis

Data are presented as meanstSD. Comparisons between
experimental groups were performed by using the Student’s t-test. A
p value of less than 0.05 was considered statistically significant

Results
Effects of resveratrol on 3T3-L1 cell viability

To investigate the effect of resveratrol on cells viability, we
incubated 3T3-L1 cells with either ethanol or different doses (5-50
uM) of resveratrol for 24 or 48 hr. Low doses of resveratrol (5-25
uM) did not significantly affect the cell viability after 24 or 48 hours
treatment (Figure 1). However, high doses of resveratrol (30~50
uM) lowered the cell viability to 88, 89, 85, and 82% of the control
at 24 hours treatment and 74, 73, 74, and 70% of the control at 48
hr treatment (Figure 1). These results indicated that the effects of
resveratrol on cell viability are time- and dose-dependent.

Dose-dependent effects of resveratrol on adipogenesis

High doses of resveratrol (35-50 M) have been shown to inhibit
the differentiation of 3T3-L1 preadipocytes [17-19]. Since high doses
of resveratrol induced cell toxicity, the effect of resveratrol requires
further investigation. To examine the dose-dependent effects of
resveratrol treatment on 3T3-L1 preadipocyte differentiation, we
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Figure 1: Effect of resveratrol on the viability of 3T3-L1 preadipocytes. 3T3-L1 cells were treated with different doses (0 uM to 50 uM) of resveratrol. Cell viability
was measured by the MTT assay at 24 and 48 h. Control cells were treated with 0.2% ethanol. Data are the means +SD of three independent experiments. *p<0.05

compared with the ethanol control.

treated cells with control (ethanol), 15 pM or 40 puM resveratrol
from day -1 (1 day before initiation of adipogenesis) to day 2 and
measured adipogenic effects of resveratrol with GPDH activity, an
adipocyte marker, at day 5. The result showed that consistently with
other reports [17-19], cells treated with 40 uM resveratrol inhibited
the GPDH activity (Figure 2A). In contrast, cells treated with 15 uM
resveratrol enhanced the GPDH activity (Figure 2A).

To ensure that low dose resveratrol treatment promotes
the differentiation of 3T3-L1 preadipocyte, we measured the
accumulation of lipid droplets by Oil Red O staining at day 6.
Macroscopic observations of Oil Red O staining revealed that low
dose of resveratrol enhanced the accumulation of oil droplets (Figure
2B). Quantization of lipid droplets revealed that 15 uM resveratrol
increased the amount of lipid droplets about 1.9-fold as compared
that in control (Figure 2B). Expression of other adipocyte markers
such as adipocyte fatty acid-binding protein (aP2), adiponectin
(Figure 2C) and GPDH activity (Figure 2D) was also enhanced by
15 uM resveratrol treatment, indicating that 15 uM resveratrol
promotes adipogenesis. Thus, although high doses of resveratrol (40
uM) inhibits adipogenesis as reported previously [17-19], low doses
of resveratrol promotes the 3T3-L1 preadipocyte differentiation.

Enhanced expression of C/EBPS, C/EBPa, and PPARY by 15
uM resveratrol

Adipogenesis is regulated by transcription factors such as C/
EBPS, C/EBPP, C/EBPa, and PPARY [13-16]. We examined the effect
of 15 uM resveratrol on protein levels of these transcription factors
during adipogenesis. Figure 3 showed that resveratrol at 15 pM
enhanced levels of C/EBPS, C/EBPa, and PPARy (Figure 3). Levels
of C/EBPP were slightly increased (data not shown). This result
suggested that 15 uM resveratrol treatments promote adipogenesis
mainly by enhancing the protein expression of C/EBPS, C/EBPa and
PPARy.

Biphasic regulation of CD36 by low and high dose of
resveratrol

We further investigate the mechanism by which resveratrol exerts
biphasic effects on adipogenesis. Resveratrol is known to activate
AMPK and induce SirT1 expression [3-5]. However, we failed to
detect significant changes in AMPK activation (Figure 4A) and SirT1
levels (Figure 4B) in 15 uM and 35 uM resveratrol-treated cells. Akt
activation is essential for adipogenesis. We could also not detect

significant changes in Akt activation in 15 uM and 35 uM resveratrol-
treated cells during adipogenesis (Figure 4C).

Recently, CD36, a fatty acid handling protein, has been reported
to promote the differentiation of 3T3-F442A preadipocytes [23]. To
examine whether CD36 is involved in the biphasic effect of resveratrol
on adipogenesis, we measured levels of CD36 during adipogenesis in
control and resveratrol (15 uM and 35 pM)-treated cells. Figure 5A
showed that CD36 was induced during the differentiation of 3T3-L1
cells, and that 15 pM resveratrol enhanced the induction of CD36
levels during adipogenesis. In contrast, CD36 levels were reduced in
the presence of 35 UM resveratrol (Figures 5A and 5B). Since CD36
promotes adipogenesis, elevated CD36 levels induced by 15 uM
resveratrol may account for the stimulatory effect of resveratrol on
adipogenesis, whereas reduced CD36 levels by 35 uM resveratrol may
be responsible for the inhibition of adipogenesis.

CD36 neutralizing antibodies block the promoting effects of
low dose resveratrol on adipogenesis

To further confirm that CD36 mediates the promoting effect
of resveratrol on adipogenesis, we examined whether CD36
neutralizing antibodies blocked the promoting effect of 15 puM
on adipogenesis. Figure 5C showed that in the presence of CD36
neutralizing antibodies, the promoting effects of 15 UM resveratrol
was attenuated as evidenced by the reduced levels of PPARy, C/EBPa,
and adiponectin.

Differential regulation of HO-1 by high and low dose of
resveratrol

Induction of HO-1 by its inducer cobalt protoporphyrin IX
(CoPP) inhibits adipogenesis in human mesenchymal stem cells
[24-26]. On the other hand, resveratrol has been shown to enhance
or activate Nrf2 in a variety of cell types and increase protein levels
of its target gene, HO-1 [27-29]. We examined whether resveratrol
treatment affects levels of HO-1 during adipogenesis. Interestingly,
although 15 uM resveratrol had little effect on HO-1 levels, 35 uM
resveratrol increased HO-1 levels (Figure 6A), suggesting that
elevated HO-1 levels may be partly responsible for the inhibition of
adipogenesis by 35 uM resveratrol. However, Nrf2 levels were similar
in 15 uM and 35 pM resveratrol-treated cells (Figure 6B), suggesting
that resveratrol may regulate HO-1 levels via pathways other than
Nrf2.
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Figure 2: Low dose of resveratrol promotes the 3T3-L1 preadipocyte differentiation. 3T3-L1 preadipocytes were cultured in the presence of various concentrations
resveratrol for 24 hr, and then differentiated into adipocytes by adipogenic medium containing 0.5 mM isobutylmethylxanthine, 1 uM dexamethasone, and 1.7 uM
insulin. Cells were harvested on day 5 after differentiation and were subjected to golycerol-3-phosphate dehydrogenase (GPDH) activity by reading the absorbance
of NADH at 340 nm (A) (D). Intracellular lipid droplets were stained with Oil Red O and the amounts of fat were measured at OD510 nm by extraction of the dye
with isopropanol (B). Data are the meansSD of three independent experiments. *p<0.05 compared with the ethanol control. (C) Total RNAs of 3T3-L1 adipocytes
were isolated on day 7 after differentiation. The semi-quantitative RT-PCR was used to examine the expression level of adiponectin, aP2 and 18S ribosomal RNA.
Representative images for 3 independent experiments are shown.
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Figure 3: Effect of resveratrol treatment on protein expression of C/EBPa, C/EBPd and PPAR-y. The differentiating 3T3-L1 cells were treated with 15 uM
resveratrol for 3 days (from day -1 to day 2). On day 1 or day 7 after adipogenic induction, total cell lysates were collected and subjected to SDS-PAGE and
western blot analysis by using antibodies against C/EBPa, PPARy (A) C/BPES (B) and B-actin. Data are the meanszSD of three independent experiments. *p<0.05
compared with the ethanol control.

J Nutri Health 1(1): 8 (2015) Page - 04



Citation: Wang JC, Chen CY, Wen HC, Lu HC, Chang CH. Biphasic Effects of Resveratrol on Adipogenesis: Low Doses of Resveratrol Promote
Adipogenesis via Induction of CD36. J Nutri Health. 2015;1(1): 8.

ISSN: 2469-4185

(A) EtOH 15uM Res. 35uM Res.

Differentiation (hr) 0 25 24 72 0 25 24 T2 0 25 24 T2

P-AMPKc1T183 == 508 5 B s e B2 id 22 o

—— —

AMPK 1 ——— — — ———— — — —

[racting D ————— —— ———— —

(B)
EtOH 15.M Res. 35.M Res.
Differentiation (hr) 0 25 24 72z O 25 24 72 0 25 24 72
SirT1 e e e B e wan PR e e W
Factin ' g e o o — - S - G S
C EtOH 15uM Res. 35uM Res.
( ) Differentiation (hr) 0 25 24 72 0 25 24 72 0O 25 24 72
p-AktIWB — — —
p-AktS473 - — —

PR pp—p—
[ACHN O ——" —— ————— —

Figure 4: Effect of resveratrol treatment on activation and protein expression of Akt, AMPK and SirT1. The differentiating 3T3-L1 cells were treated with 15 pM or
35 uM resveratrol for 3 days (from day -1 to day 2) and cell lysates were collected at indicated times. Total cell lysates were subjected to SDS-PAGE and western
blot analysis by using antibodies to p-AMPKa1T183, AMPKa1 (A), SirT1 (B) p-AktT308, p-AktS473, Akt (C) and B-actin. Representative images for 3 independent
experiments are shown.
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Figure 5: Biphasic regulation of CD36 by low and high dose of resveratrol. (A) 3T3-L1 cells were treated with 15 uM or 35 uM resveratrol during differentiation (from
day -1 to day 2) and cell lysates were harvested at indicated times. Expression levels of CD36 and B-actin proteins were determined by western blot analysis. (B)
Seven days after adipogenic induction, total lysates of adipocytes treated with 15 pM or 35 uM resveratrol during adipogenesis were collected and subjected to
immunoblotting with CD36 and B-actin antibodies. (C) The differentiating 3T3-L1 cells were treated with 15 uM resveratrol (from day -1 to day 2) and neutralized
with CD36 antibody or IgG. Cell lysates were collected on day7 after adipocyte differentiation and expression levels adipocyte-specific proteins were determined
by immunoblotting using antibodies against PPAR-y, C/EBPa, adiponectin or $-actin. Representative images for 3 independent experiments are shown. Data are
the means%SD of three independent experiments. *p<0.05 compared with the ethanol control.
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Figure 6: Effect of resveratrol treatment on protein expression of HO-1 and
Nrf2. The differentiating 3T3-L1 cells were treated with 15 pM or 35 pM
resveratrol for 3 days (from day -1 to day 2) and adipocyte lysates were
collected at day 7. Total cell lysates were subjected to SDS-PAGE and
western blot analysis by using antibodies against HO-1(A), Nrf2 (B) and
B-actin. Representative images for 3 independent experiments are shown.

Discussion

Resveratrol displays the hormetic dose response that is
characterized by a low dose stimulation and a high dose inhibition
(for review, see [30-32]). For instance, at low doses, resveratrol
increases the proliferation of several normal and cancer cells, whereas
at high doses, resveratrol inhibits cell growth. Resveratrol at low
doses stimulates angiogenesis, but at high doses blocks the angiogenic
response. Resveratrol at low doses induces autophagy of cardiac
myoblast cells, whereas high doses of resveratrol attenuate autophagy
[30-32]. In the case of adipogenesis, several studies show that
resveratrol at 35-50 uM which are relatively high doses inhibits the
differentiation of preadipocytes [17-19]. In this study, we investigated
whether resveratrol displays hormetic effects on adipogenesis.
Our results indicated that resveratrol exerted a hormetic effect on
adipogenesis. It promoted adipogenesis at 10-15 pM and inhibited
it at 35-40 uM.

Since the EC50 of resveratrol on SirT1 activity is around 50
UM (46.2 uM), the inhibitory effects of 35-40 uM resveratrol on
adipogenesis may be mediated by activation/induction of SirT1
or activation of AMPK [17-19] and by reduction of CD36 and up-
regulation of HO-1 as suggested in the present study. On the other
hand, our results showed for the first time that low doses of resveratrol
(10-15 pM) promoted the adipogenic differentiation of 3T3-L1
preadipocytes as judged by elevation of lipid droplet accumulation
and increased expression of adipocyte markers such as aP2 and
adiponectin. C/EBPS, C/EBPa and PPARYy are key transcriptional
factors regulating adipogenesis [13-16]. We found that low doses of
resveratrol augmented the expression levels of C/EBP§, PPARY and
C/EBPa. Thus, resveratrol exerts a biphasic effects on the adipogenic
differentiation and low doses of resveratrol promote adipogenesis by
up-regulating C/EBPS, C/EBPa and PPARY. In humans, the highest

plasma levels of resveratrol and metabolites are around 2-3 uM [33-
35]. Thus, the in vivo effect of resveratrol on adipogenesis may depend
on the local concentration of resveratrol within adipose tissues that is
currently unknown.

It has been shown that administration of resveratrol to non-obese
rats and mice does not affect their body weight [36,37]. In the case
of obese rodents, accumulated studies show that administration of
resveratrol in high fat diet fed animals results in improvement in
insulin resistance, dyslipidemia and cardiovascular dysfunction.
However, the effects of resveratrol on the reduction of body weight are
not conclusive. Some studies reported that resveratrol reduced body
weight gain in high fat diet fed rats [38] and mice [39], whereas this
effect was not observed in other experiments [9,36,40]. Resveratrol
was also ineffective in reducing body weight gain in obese Zucker
rats [37]. Some of these conflicting results are likely due to different
doses of resveratrol used in different laboratories. It is interesting to
compare results from laboratories of Lagouge et al. and Pearson et al.
since they employed comparable doses of resveratrol on high fat diet
fed mice [36,39]. Lagouge and co-workers found that resveratrol at a
dose of 400 mg/kg/day decreased body mass in high fat diet fed mice
[39]. A slight trend toward decreased body weight was also observed
by Pearson et al. [36]. In contrast, they found that resveratrol at a
dose of 200 mg/kg/day increased body weight in high calorie fed mice
[36]. Thus, resveratrol also exhibits a biphasic effects on the body
weight changes of obese mice: although high doses of resveratrol
may prevent obesity, low doses of resveratrol increase body weight of
obese mice. The biphasic effects of resveratrol on the body weight on
high fat diet fed mice could be partly due to the fact that low doses of
resveratrol promote adipogenesis whereas high doses of resveratrol
inhibit adipogenesis.

We further explored the mechanism underlying the hormetic
dose response of resveratrol on adipogenesis. Although SirT1 and
AMPK are well established targets of resveratrol, we failed to detect
difference in the levels of SirT1 and activation of AMPK by high and
low doses of resveratrol. CD36 is a class B scavenger receptor that
mediates the uptake of fatty acid and ox-LDL. CD36 has been recently
shown to promote adipogenesis as silencing of CD36 gene results in
impaired differentiation [23]. Interestingly, our data showed that
during adipogenesis, CD36 levels were elevated by 15 uM resveratrol.
However, CD36 levels were reduced by 35 uM resveratrol during
adipogenesis. Furthermore, CD36 neutralizing antibodies attenuated
the promoting effects of 15 pM resveratrol on adipogenesis. Thus,
our data suggest that the stimulatory effect of 10-15 uM resveratrol
on adipogenesis is mediated by the elevation of CD36, whereas the
inhibitory effect of 35 uM resveratrol is mediated by the reduction
of CD36. Besides CD36, we showed that 35 uM up-regulated HO-1
that is known to inhibit adipogenesis [24-26]. Thus, high doses of
resveratrol inhibit adipogenesis by down-regulating CD36 and up-
regulating HO-1.

Ithasbeenreported that the ability of preadipocytes to differentiate
into mature adipocytes declines with age. Expression of C/EBPa, C/
EBPS, and PPARYy declines substantially with aging in preadipocytes
from rats of various ages [10-12]. However, the mechanisms by
which aging affects the expression of these transcription factors and
the differentiation of preadipocytes remain unclear. Resveratrol has
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been shown to extend lifespan of yeast, C. elegans and Drosophila
[3-5]. It is puzzling that like aging, resveratrol at high doses inhibits
adipogenesis. In this report, we found that in contrast to aging, low
doses of resveratrol increased the expression of C/EBPa, C/EBPa and
PPARy during the differentiation of 3T3-L1 preadipocytes. These
results indicate that aging and low doses of resveratrol indeed exert
opposite effects on adipogenesis.

In summary, our study showed that resveratrol exerted
hormetic effects on adipogenesis. Resveratrol at 10-15 pM promoted
adipogenesis, whereas it inhibited the differentiation of 3T3-L1
preadipocytes at 35-40 uM. Low doses of resveratrol increased levels
of CD36, an adipogenesis enhancer, whereas high doses of resveratrol
reduced CD36 levels and up-regulated HO-1, an adipogenesis
inhibitor. These results suggest that the biphasic effects of resveratrol
on adipogenesis are at least partly mediated by CD36 and HO-1.
These results shed light on the underlying mechanism of resveratrol
on adipogenesis and body weight gain in vivo.
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