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Abstract The blood glucose-lowering property of pinitol
is mediated via the insulin signaling pathway. This study
was carried out to evaluate the effects of soy pinitol on
adipogenesis in a 3T3-L1 cell line; 3T3-L1 preadipocytes
were treated with pinitol (0—1 mM) together with insulin
for 9 days. The regulation of lipid metabolism was asses-
sed by oil-red-O staining of intracellular lipids and real-
time PCR of adipogenesis-related factors. The inhibition of
cell proliferation was estimated by MTT assay. Pinitol
treatment did not inhibit lipid accumulation, nor did it
affect expression of adipogenesis-related factors, including
ADDI1, aP2 and FAS, in a dose-dependent manner.
Expression of adiponectin, GLUT4, IRS, C/EBPx and
PPARy mRNAs, however, increased in cells treated with
0.5 mM and/or 1 mM pinitol. Pinitol treatment did not
affect the inhibition of cell growth and proliferation in a
dose-dependent manner. Accordingly, we suggest that
pinitol is nontoxic to this cell line, and that it enhances
adipogenesis by acting as an insulin sensitizer or insulin
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mediator via the upregulation of adiponectin, GLUT4, IRS,
C/EBPa and PPARYy in 3T3-L1 preadipocytes.
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Introduction

Adipose tissue consists of adipocytes, which store triacyl-
glycerol as a fuel for the body. Excess adipose tissue leads
to insulin resistance, thereby increasing the risk of type 2
diabetes and cardiovascular diseases [1]. In many obesity-
related studies, the fibroblastic 3T3-L1 preadipocyte line is
widely used to investigate the mechanism of preadipocyte
proliferation and adipocyte genesis, due to the ability of this
cell line to undergo complete differentiation into mature
adipocytes, which differentiate according to a program
coordinated by adipogenic molecules, including a variety of
growth factors, cytokines and hormones [2, 3]. Insulin
promotes lipogenesis and inhibits lipolysis when treated
with appropriate agents such as dexamethasone and isou-
tylmethylxanthine (IBMX). The 3T3-L1 preadipocytes
change from an extended fibroblast-like morphology to a
round morphology with cytoplasmic lipid vesicles made
from newly biosynthesized triglycerides [4].
D-Chiro-inositol (DCI)—recently found in inositol
phosphoglycan—is thought to be a mediator of insulin
signaling pathways and to be involved in glycosylphos-
phatidyl-inositol protein anchors [5]. DCI is obtained
mostly from dietary pinitol (3-O-methyl-p-chiroinositol), a
methylated derivative of DCI. Pinitol is a prominent
component of dietary legumes, soy and pine trees [6].
Some reports have reported a hypoglycemic effect of
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pinitol—it affects glucose uptake via a postreceptor path-
way of insulin action in normal, STZ-diabetic rats [7].
Bates et al. [8] reported that p-pinitol provides a substrate
for the phosphatidylinositol-3-kinase (PI3K)-mediated step
of insulin signaling, thereby enhancing a very weak insulin
signal and action in order to mimic, in part, the PI3K
pathway of insulin action. However, it has been also
reported that pinitol does not improve the action of insulin
in carbohydrate- or fat-metabolism [9]. On the other hand,
pinitol has been suggested to possess various biological
effects, including anti-inflammatory [10], cardiovascular
disease-preventing [11], and creatine retention promotion
properties [12]. Reaven et al. [13] reported that dietary
pinitol as a supplement may be recommended to help
maintain normal metabolic functions.

In the present study, we investigated the effects of
pinitol on the regulation of cell differentiation and adipo-
genesis by using oil-red-O staining, quantitative real-time
PCR, and an MTT assay in 3T3-L1 preadipocytes.

Material and methods
Cell culture and treatments

Mouse embryo 3T3-L1 cells (American Type Culture
Collection, Rockville, MD) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM), which was supple-
mented with 10% fetal calf serum (FCS) and penicillin/
streptomycin at 37°C in 5% CO,. After the 3T3-L1 cells
became confluent, the medium was replaced with differ-
entiation medium (DM) containing 10% fetal bovine serum
(FBS), 1% penicillin/streptomycin, 10 pg/ml insulin, 1 pM
dexamethasone (Sigma, St. Louis, MO), and 0.5 mM
IBMX (Sigma, St. Louis, MO), and cultured for 2 days.
The cell medium was then replaced with 10% FBS plus
10 pg/ml insulin only, and the cells were fed every 2 days
with the same medium. At 9 days after differentiation, the
cells were either harvested for real-time PCR or stained
with oil-Red-O. Pinitol (Fig. 1) was purchased from
Amicogen (Jinju, Korea) and cells were treated different
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Fig. 1 The structure of pinitol
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doses of pinitol (0—1 mM) for 9 days during differentiation
after confluence.

Oil-red-O staining

To determine the state of adipose differentiation by visual
inspection, the cells were washed with phosphate-buffered
saline (PBS) twice, fixed with 10% formalin at room
temperature for 10 min, and stained with 0.5% oil-red-O
(Sigma) for 1 h. After staining, the cultures were rinsed
several times with 70% ethanol. Pictures were taken using
an Olympus (Tokyo, Japan) microscope.

Quantitative real-time reverse transcriptase-polymerase
chain reaction

Total RNA from cultured 3T3-L1 cells was isolated with
TRIzol reagent (Invitrogen, Carlsbad, CA) according to the
manufacturer’s protocol, and RNA was treated with DNa-
sel at room temperature for 15 min to remove genomic
DNA contamination. First strand cDNA was synthesized
using a cDNA synthesis kit (Promega, Madison, WI). Gene
expression levels were analyzed by quantitative real-time
reverse transcriptase-polymerase chain reaction (RT-PCR)
using a ABI 7500 Real Time PCR system (Applied Bio-
systems, Foster city, CA). The primers used in the
experiments are shown in Table 1. After an initial incu-
bation for 2 min at 50°C, cDNA was denatured at 95°C for
10 min. The results shown were from at least three inde-
pendent experiments. The mRNA levels of all genes were
normalized using GAPDH as an internal control.

Cytotoxicity assay

Growth inhibition by pinitol was determined by MTT assay
[14]. Before treatment, cells were first grown overnight on
a 96 well plate at a density of 1 x 10* cells/well. After
24 h, various concentrations of pinitol (0-1 mM) were
applied to the cells in serum-free DMEM, and cells were
incubated for an additional 48 h at 37°C. After 48 h of
oxidant treatment of cells, the culture medium was aspi-
rated under vacuum, and 200 pl MTT (1 mg/ml) was
added and further incubated for 4 h at 37°C. The MTT
solution was discarded by aspirating, and the resulting
formazan product, which was converted by viable cells,
was dissolved in 150 pl dimethylsulfoxide. The absorbance
was read by an ELISA plate reader at 540 nm with a
620 nm reference. Cell viability, or the inhibition of cell
population growth, is expressed as a percentage of the
absorbance seen in untreated control cells.
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Table 1 Primer sequences used for real-time PCR. GLUT4 Glucose
transporter 4, IRS insulin receptor substrate, PPARy peroxisome
proliferators-activated receptor y, C/EBPo. CCAAT/enhancer-binding

protein o, ADDI adipocyte determination- and differentiation-depen-
dent factor 1, aP2 adipocyte bindgin protein aP2, FAS fatty acid
synthase, GAPDH glyceraldehyde-3-phosphate dehydrogenase

Gene Forward primer Reverse primer

Adiponectin ACGAGGGATGCTACTGTTGC AAGCCCCCATACCAAATGT
GLUT4 GCCCCACAGAAGGTGATTGA AGCGTAGTGAGGGTGCCTTG
IRS ATTGCTGGACAGTCTCCTC CTTTTTCTTCACGAATGTCC
PPARy AGAGTCTGCTGATCTGCGAGC TTCCTGTCAAGATCGCCCTC
C/EBPa AAGAACAGCAACGAGTACC AACTCCAGCACCTTCTGTT
ADDI1 TGCCATGGGCAAGTACACAG TTGCCATGGTATAGCATCTCCT
aP2 AGCATCATAACCCTAGATGG AAACTCTTGTGGAAGTCACG
FAS GTGAAGAAGTGTCTGGACTGTGTCAT TTTTCGCTCACGTGCAGTTTA
GAPDH TGCAGTGGCAAAGTGGAAT TTGAATTTGCCGTGAGTGGA

Statistical analysis

Statistical analysis was performed using the SPSS 11.5
program package. Data were expressed as mean =+ SD.
Analysis of variance was performed using ANOVA pro-
cedures. Significant differences (P < 0.05) between the
means were determined by Duncan’s multiple range tests.

Results

Effect of pinitol on lipid accumulation in 3T3-L1
adipocytes

To test whether pinitol inhibits adipocyte differentiation,
we used a DM medium containing insulin, dexamethasone
and IBMX to induce 3T3-L1 preadipocyte differentiation.
During DM induction, soy pinitol was added to the medium
at day 0 to observe its effects on 3T3-L1 adipocyte
differentiation; lipid accumulation and adipocytes were
assessed by staining with oil-red-O on day 9. At concen-
trations reanging from 0.05 to 1 mM, pinitol did not alter
adipocyte differentiation or adipogenesis (Fig. 2).

Effect of pinitol on mRNA expression of adipogenesis-
related factors in 3T3-L1 adipocytes

Figure 3 summarizes the expression of adipogenesis-rela-
ted factor genes as tested by real time RT-PCR analysis.

0.1 mM

0.05 mM

0.1 mM

Adiponectin mRNA levels were highest in cells treated
with 1 mM pinitol (Fig. 3a), and those of the glucose
transporter 4 (GLUT4), insulin receptor substrate (IRS),
peroxisome proliferators-activated receptor y (PPAR?Y)
and CCAAT/enhancer-binding protein o (C/EBPx) were
increased in cells treated with 0.5 and 1 mM pinitol
(Fig. 3b—e). However, expression of the adipocyte deter-
mination- and differentiation-dependent factor 1-sterol-
regulatory element-binding protein 1c (ADD1/SREBPIc),
adipocyte bindgin protein aP2, and fatty acid synthase
(FAS) genes were not significantly different upon addition
of different concentrations of pinitol (Fig. 3f-h).

Effect of pinitol on inhibition of cell population growth
in 3T3-L1 preadipocytes

To assess whether pinitol inhibited the population growth
of 3T3-L1 cells, preadipocytes were treated with 0—1 mM
pinitol and the cell population growth was determined
using a MTT assay. As shown in Fig. 4, pinitol did not
affect cell population growth in a time- or dose-dependent
manner. Therefore, it was concluded that pinitol did not
induce cytotoxic responses.

Discussion

Adipogenic capacity is affected by the combined effect of
proadipogenic and antiadipogenic hormones and growth

0.5 mM 1 mM

Fig. 2 Pinitol slightly inhibits 3T3-L1 differentiation induced by differentiation medium (DM). The cells were stained with oil-red-O at day 9.
Pinitol (0-1 mM) was added at the beginning of DM induction of 3T3-L1 cells, with additional treatment every 2 days
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Fig. 3 Real time reverse
transcriptase coupled
polymerase chain reaction (RT-
PCR) analysis of several
adipogenesis-related factors.
mRNAs were quantified using
GAPDH as an internal standard.
The results represent
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Fig. 4 Effect of pinitol on the inhibition of cell population growth in
3T3-L1 preadipocytes. Cells were treated with O—1 mM pinitol for
9 days. Reported values are means & SD (n = 5)
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factors. Following induction of adipogenesis, preadipo-
cytes upregulate key adipogenic transcription factors
including C/EBPa, PPARy and ADD1/SREBPIc [15-17].
C/EBPu plays a regulatory role in adipocyte differentiation
through increases expression during the adipose conversion
of 3T3-L1 preadipocytes, and expression of C/EBP«
induces the coordinate expression of a group of adipocyte
genes (i.e., aP2, GLUT4, IRS) [18, 19]. PPARy was orig-
inally shown to play an important role in adipocyte
differentiation, glucose homeostasis and insulin signaling;
PPARYy agonists are useful in the treatment of patients with
type 2 diabetes, because they stimulate adipogenesis and, at
the same time, reduce insulin resistance [20]. Recently, it
was reported that PPARy mRNA expression in the adipose
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tissue of humans was inversely associated with cardio-
vascular risk factors, and that there was a significant
association between PPARy polymorphism and coronary
artery disease [21]. ADD1/SREBPIc plays a crucial role in
fatty acid metabolism and insulin-dependent gene regula-
tion, especially in the regulation of lipogenic gene
expression in fat and liver for whole body energy homeo-
stasis [17, 22]. In this study, 0.5 and 1 mM pinitol
upregulated the expression of PPARy and C/EBP« mRNAs
without altering the gene expression of ADD1/SREBPIc.
Notably, PPARy agonists or synthetic ligands of PPARy
result in both increased gene expression and increased
circulating levels of adiponectin [23, 24]. Our results show
that pinitol treatment increase adiponectin gene expres-
sion—an adipocytokine shown to possess antidiabetic,
antiatherogenic and anti-inflammatory properties [25].
Insulin also increases the expression of adiponectin [26],
and perhaps the insulin-like pinitol affected the upregula-
tion of adiponectin gene in this study.

It is well established that insulin promotes the translo-
cation of the insulin responsive glucose transporter,
GLUT4, from the intracellular compartment to the plasma
membrane [27]. The binding of insulin to its receptor
triggers the phosphorylation of insulin receptor substrate
(IRS) proteins. Tyrosine phosphorylated IRS proteins
recruit and sequentially activate PI3K [28], which is one of
the key components of the insulin signaling pathway.
Hence, there is great interest in glucose transport and PI3K
signaling in diabetes mellitus. Pinitol also increased
GLUT4 and IRS gene expression, perhaps due to its
insulin-mimicking property. Pinitol, however, did not alter
the expression of the aP2 and FAS genes, which are related
to adipocyte differentiation [29] and de novo lipogenesis
via synthesis of long-chain fatty acids from acetyl-CoA and
malonyl-CoA [30], respectively.

There are currently no known examples of any adverse
side effects arising from the use of pinitol at recommended
dosage levels [6, 31]. In this study, the results of the MTT
assay clearly indicated that pinitol did not inhibit cell
population growth of 3T3-L1 preadipocytes (Fig. 4).

In conclusion, this study reports that soy pinitol did not
block adipocyte differentiation, proliferation or lipid
accumulation in a dose-dependent manner, and that most
factors related to adipogenesis and glucose transport were
upregulated by pinitol treatment in real-time RT-PCR
assays, although there was no alteration in the expression
of aP2, ADD1/SREBPIc or FAS mRNA. Accordingly, we
suggest that pinitol may improve glucose transport and
insulin sensitivity because high-dose pinitol treatment (0.5
and 1 mM) enhanced the expression of adiponectin,
GLUT4, IRS, C/EBP«, and PPARy mRNA, as a putative
insulin mediator or insulin sensitizer. These effects are
believed to be similar to those of PPARy agonists;

supplementation with dietary pinitol may help in the pre-
vention and therapy of type 2 diabetes.
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