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Background: Resveratrol have been shown to exert an antiinflammatory and antiaging effects in
vitro and in animal models.

Objective: The objective of the study was to investigate the effect of a Polygonum cuspidatum
extract (PCE) containing resveratrol on oxidative and inflammatory stress in normal subjects.

Research Design and Methods: Two groups (10 each) of normal-weight healthy subjects were
randomized to placebo or PCE containing 40 mg resveratrol daily for 6 wk. Fasting blood samples
were obtained prior to and after treatment at 1, 3, and 6 wk. Mononuclear cells were prepared for
reactive oxygen species generation, RNA isolation, nuclear extract, and total cell homogenate
preparation. Indices of oxidative and inflammatory stress, suppressor of cytokine signaling-3, phos-
photyrosine phosphatase-1B, jun-N-terminal kinase-1, and inhibitor of �B-kinase-� were measured
by RT-PCR and Western blotting.

Results: The extract induced a significant reduction in reactive oxygen species generation, the
expression of p47phox, intranuclear nuclear factor-�B binding, and the expression of jun-N-terminal
kinase-1, inhibitor of �B-kinase-�, phosphotyrosine phosphatase-1B, and suppressor of cytokine
signaling-3 in mononuclear cells when compared with the baseline and the placebo. PCE intake also
suppressed plasma concentrations of TNF-�, IL-6, and C-reactive protein. There was no change in
these indices in the control group given placebo.

Conclusions: The PCE-containing resveratrol has a comprehensive suppressive effect on oxidative
and inflammatory stress. (J Clin Endocrinol Metab 95: E1–E8, 2010)

Oxidative stress and inflammation are involved in the
pathogenesis of atherogenesis, micro- and macro-

vascular complications of diabetes, insulin resistance, and
aging. Deletion of genes inducing oxidative and inflam-
matory stress reduces atherogenesis and restores insulin
sensitivity and prolongs life in animal models (1–3).
Transgenic animals, like the Drosophila with an excess of
genes that reduce oxidative stress-catalase and superoxide
dismutase, also have a prolonged life span (4, 5). Caloric
restriction has also been shown to extend life span in small
mammalian species (6, 7). Our work and that of others

have demonstrated that caloric restriction leads to a
marked reduction in oxidative and inflammatory stress in
humans (8–10).

Recent work shows that resveratrol has been shown to
exert an antiinflammatory and antioxidative stress in vitro
and in animal models (11, 12). Resveratrol has also been
shown to prolong life expectancy and reduce the rate of
aging in the yeast and lower animals like yeast, Cae-
norhabtidis elegans and Drosophila (13, 14). Resveratrol
actions are thought to be mediated by increased expres-
sion of sirtuin (SIRT)-1 (13), a gene associated with lon-
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gevity. SIRT-1 overexpression and resveratrol cause a re-
duction in the expression of phosphotyrosine phosphatase
(PTP)-1B (15, 16). PTP-1B has been shown to be induced
by inflammation and plays a major role in insulin resis-
tance (17, 18). Thus, it is important to establish whether
such a compound has properties that reduce oxidative and
inflammatory stress in human.

Because there are no data demonstrating the effect of
resveratrol on oxidative and inflammatory stress, in vivo,
we have now hypothesized that Polygonum cuspidatum ex-
tract (PCE)-containing resveratrol reduces the level of oxi-
dativeandinflammatorystress inthehuman.Becauseseveral
of the key mediators of insulin resistance that interfere with
insulin signal transduction are also proinflammatory, we
also investigated the effect of PCE intake on their expression.

Subjects and Methods

Subjects
Two groups (10 each) of normal-weight, age-matched

healthy subjects (aged 36 � 5 yr, body mass index 21.8 � 0.5
kg/m2) were randomized to receive either 200 mg of PCE stan-
dardized to contain 20% trans-resveratrol (equivalent to 40
mg/d trans-resveratrol; Pure Encapsulations Inc., Sudbury, MA)
or placebo daily for 6 wk. The total phenolics and flavonoid
content of PCE is approximately 60% (wt/wt) and 6% (wt/wt),
respectively (19). The subjects were not on any antiinflammatory
drugs. They presented at the Clinical Research Center of the
Diabetes Endocrinology Center of Western New York after an
overnight fast at 0800–0900 h. Fasting blood samples were col-
lected at baseline and at 1, 3, and 6 wk of treatment. The ex-
perimental protocol was approved by the Human Research
Committee of the State University of New York at Buffalo, and
each subject signed an informed consent.

Mononuclear cell (MNC) isolation
Blood samples were collected in Na-EDTA as an anticoagu-

lant. Three to five milliliters of anticoagulated blood sample are
carefully layered over 3.5 ml of Lympholyte medium (Cedarlane
Laboratories, Hornby, Ontario, Canada) and centrifuged to sep-
arate the cells. A top band consists of MNCs and a bottom con-
sists of polymorphonuclear cells. They were carefully collected.
This method provides yields of greater than 95% pure polymor-
phonuclear cell and MNC suspensions.

Reactive oxygen species (ROS) generation
measurement by chemiluminescence

Five hundred microliters of MNCs (2 � 105 cells) were de-
livered into a Chronolog Lumi-aggregometer cuvette. Luminol
was then added, followed by 1.0 �l of 10 mM formylmethionyl
leucinyl phenylalanine. In this assay system, the release of su-
peroxide radical, as measured by chemiluminescence, has been
shown to be linearly correlated with that measured by the fer-
ricytochrome C method. The interassay coefficient of variation
of this assay is 8%. We further established that the biological
variation in ROS generation in normal subjects is approximately
6% for readings obtained 1–2 wk apart.

Western blotting
MNC total cell lysates were prepared and electrophoresis and

immunoblotting was carried as described before (20). Polyclonal
or monoclonal antibodies against p47phox, jun-N-terminal ki-
nase (JNK)-1, inhibitor of �B-kinase (IKK)-� (BD Biosciences,
San Jose, CA), PTP-1B, suppressor of cytokine signaling
(SOCS)-3 (Abcam Inc., Cambridge, MA), insulin receptor sub-
strate (IRS)-1, SIRT-1, and actin (Santa Cruz Biotechnology,
Santa Cruz, CA) were used, and the membranes were developed
using chemiluminescence reagent (Pierce Chemical, Rockford,
IL). Densitometry was performed using molecular analyst soft-
ware (Bio-Rad, Hercules, CA) and all values were corrected for
loading with actin.

TABLE 1. Changes in metabolic parameters before and after 200 mg/d intake of PCE or placebo for 6 wk in normal
healthy subjects

Marker/wk Group 0 1 3 6
Glucose (mg/dl) Placebo 80.6 � 4.1 79.6 � 3.7 81.1 � 4.7 80.7 � 4.1

PCE 83.1 � 3.3 84.6 � 3.2 84.1 � 2.6 85.3 � 2.3
Insulin (�IU/ml) Placebo 5.3 � 0.5 5.5 � 0.6 5.1 � 0.5 5.0 � 0.5

PCE 4.7 � 0.4 4.1 � 0.4 4.7 � 0.7 4.5 � 0.3
HOMA-IR Placebo 0.95 � 0.21 0.90 � 0.20 0.94 � 0.22 0.92 � 0.18

PCE 0.98 � 0.22 0.94 � 0.24 0.97 � 0.30 0.93 � 0.19
FFA (mM) Placebo 0.31 � 0.04 0.32 � 0.03 0.33 � 0.03 0.32 � 0.04

PCE 0.25 � 0.03 0.29 � 0.03 0.26 � 0.03 0.26 � 0.04
Triglyceride (mg/dl) Placebo 82 � 15 84 � 19 87 � 20 84 � 18

PCE 78 � 17 77 � 18 81 � 18 80 � 17
Cholesterol (mg/dl) Placebo 153 � 13 159 � 13 155 � 12 158 � 14

PCE 159 � 14 161 � 12 156 � 12 159 � 14
HDL (mg/dl) Placebo 46 � 7 45 � 7 47 � 6 47 � 7

PCE 45 � 6 44 � 6 45 � 7 45 � 6
LDL (mg/dl) Placebo 93 � 12 101 � 14 103 � 13 98 � 12

PCE 104 � 15 106 � 16 98 � 14 108 � 15
Leptin (ng/ml) Placebo 8.32 � 1.12 8.51 � 1.21 8.27 � 1.14 8.38 � 1.19

PCE 8.75 � 1.07 8.49 � 1.02 8.59 � 1.21 8.61 � 1.25

Data are presented as mean � SE. No significant changes were observed in these parameters. LDL, Low-density lipoprotein; HDL, high-density lipoprotein.
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Nuclear factor-�B (NF�B) DNA binding activity
Nuclear NF�B DNA binding activity was measured by

EMSA. Nuclear extracts were prepared from MNCs and by
high-salt extraction. The specificity of the bands was confirmed
by super shifting these bands with specific antibodies against
Rel-A (p65) and p50 (Santa Cruz Biotechnology) and by com-
petition with cold oligonucleotides.

Total RNA isolation and real-time RT-PCR
Total RNA was isolated using commercially available

RNAqueous-4PCR kit (Ambion, Austin, TX). Real-time RT-
PCR [intraassay coefficient of variation (CV) of 5–8%, interas-
say CV of 8–12%] was performed using Cepheid Smart Cycler
(Sunnyvale,CA),Sybergreenmastermix(QIAGEN,Valencia,CA),
and gene expression of IKK�, JNK-1, SOCS-3, PTP-1B, IRS-1,
Toll-like receptor (TLR)-4, IL6, IL-1�, and TNF-� mRNA was
measured using specific primers (Invitrogen, Carlsbad, CA). The
specificityandsizeof thePCRproductswere testedbyaddingamelt
curve at the end of the amplifications and running it on a 2% aga-
rose gel. All values were normalized to expression of three house-
keeping genes (�-actin, ubiquitin C, and cyclophilin A).

Plasma measurements
Insulinconcentrations (intraassayCVof2.6%, interassayCVof

6.2%) were measured from plasma samples using an ELISA kit
(Diagnostics Systems Laboratories, Inc., Webster, TX). Free fatty
acid (FFA) concentrations (intraassay CV of 4.6%, interassay CV
of 9.2%) were measured using the Half-Micro calorimetric kit
(Roche Diagnostic, Indianapolis, IN). Leptin and TNF-� concen-
trations (intraassay CV of 3.1 and 8%, interassay CV of 5.4 and
10.6%, respectively) were measured from serum by an immuno-
assay kit from R&D Systems (Minneapolis, MN). C-reactive pro-
tein (CRP; intraassay CV of 3%, interassay CV of 3– 6%) was
measured by immunoassay kit from American Diagnostica
Inc. (Stamford, CT).

Statistical analysis
Statistical analysis was conducted using SigmaStat software

version 3.1 (SPSS Inc., Chicago, IL). Sample size was calculated
based on expected difference of 30% between the groups in
NF�B DNA binding as observed in our previous studies (21, 22)
with a SD of 20% and desired power of 80%. Data are repre-
sented as mean � SE. Percent change from baseline was calculated
and statistical analysis for change from baseline was carried out
using one-way, repeated-measures ANOVA (RMANOVA) fol-
lowed by Holm-Sidak post hoc test. Two-factor RMANOVA
analysis followed by Tukey’s post hoc test was used for all mul-
tiple comparisons between the two treatment groups.

Results

Effect of PCE on plasma glucose, insulin, leptin,
and lipid concentrations

The intake of the extract for 6 wk in normal subjects did
not alter plasma insulin or glucose concentrations, nor did
it alter homeostatic model on insulin resistance index
(HOMA-IR). There was no significant change in plasma
FFAs, triglycerides, low-density lipoprotein, high-density

lipoprotein, cholesterol, or leptin concentrations after ei-
ther treatment (Table 1). Serum creatinine and transam-
inase levels did not alter.

Effect of PCE on ROS generation and P47phox

expression by MNCs
ROS generation by MNCs fell significantly after the

intake of the extract by 19 � 10% (P � 0.05, Fig. 1A) at wk
3 and remained suppressed for the 6-wk treatment period,
whereas ROS generation did not change in the placebo
group. PCE also suppressed p47phox (nicotinamide adenine
dinucleotide phosphate oxidase subunit) protein in MNCs
by 15 � 8% below the baseline at 3 wk (P � 0.05, Fig. 1, B

FIG. 1. Change from baseline (%) in ROS generation by MNC (A) and
p47 subunit protein (B, C) in MNC following PCE (200 mg/d)
containing resveratrol (40 mg/d) or placebo treatment for 6 wk in 10
normal healthy subjects per group. *, P � 0.05 comparing changes
from baseline by RMANOVA; #, P � 0.05 comparing treatments
between the groups by two-way RMANOVA.
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and C) and remained below baseline levels at wk 6, whereas
it did not change in the placebo group. The changes in ROS
generation and p47phox were significantly different between
the PCE and placebo groups (two-way RMANOVA).

Effects of PCE on NF�B DNA binding and
proinflammatory mediators

Intranuclear NF�B DNA binding in MNCs fell signif-
icantly by 25 � 7% below the baseline (P � 0.05, Fig. 2A)

at 3 wk of treatment with PCE and remained suppressed
thereafter, whereas it did not change significantly in the
placebo group. TNF-� and IL-6 mRNA expression in
MNCs also fell significantly by 20 � 7 and 22 � 9% below
the baseline, respectively, at wk 3 (P � 0.05, Fig. 2, B and
C) after PCE, whereas IL-1� expression did not alter.
There was no significant change in any of these indices in
the placebo group. The changes in NF�B DNA binding,
TNF-�, and IL-6 mRNA expression were significantly dif-

A

E

B

DC

FIG. 2. Change from baseline (%) in NF�B DNA binding by EMSA in MNC (A), TNF-� (B), IL-6 (C) mRNA expression in MNC, TNF-� plasma concentrations
(D), and CRP concentrations (E) following PCE (200 mg/d) containing resveratrol (40 mg/d) or placebo treatment for 6 wk in 10 normal healthy subjects
per group. *, P � 0.05 comparing changes from baseline by RMANOVA; #, P � 0.05 comparing treatments between the groups by two-way RMANOVA.
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ferent between the PCE and placebo groups (two-way
RMANOVA).

Effects of PCE on plasma levels of TNF-� and CRP
concentrations

PCE intake also resulted in a significant fall by 33 � 5%
below the baseline (from 0.72 � 0.2 to 0.46 � 0.2 pg/ml
at wk 3, P � 0.05, Fig. 2D) in plasma TNF-� concentra-
tions and by 29 � 11% below the baseline (from 0.77 �
0.18 to 0.46 � 0.1 mg/liter by wk 3, P � 0.05, Fig. 2E) in

CRP concentrations, whereas there was no change in these
mediators in the placebo group. The fall in TNF-� and
CRP concentrations was significantly different between
the PCE and placebo groups (two-way RMANOVA).

Effects of PCE on JNK-1, IKK�, PTP-1B, SOCS-3,
IRS-1, and TLR-4 expression in MNCs

The intake of the extract significantly suppressed
JNK-1, IKK�, PTP-1B, and SOCS-3 mRNA expression
by 33 � 9, 29 � 10, 28 � 11, and 24 � 8%, respectively

E

BA

C D

FIG. 3. Change from baseline (%) in mRNA expression of JNK-1 (A), IKK� (B), PTP-1B (C), SOCS-3 (D), and IRS-1 (E) in MNC following PCE
(200 mg/d) containing resveratrol (40 mg/d) or placebo treatment for 6 wk in 10 normal healthy subjects per group. *, P � 0.05 comparing
changes from baseline by RMANOVA; #, P � 0.05 comparing treatments between the groups by two-way RMANOVA.
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(P � 0.05, Fig. 3, A–D). This was associated with a sig-
nificant fall in JNK-1 and PTP-1B proteins by 33 � 9 and
29 � 10%, respectively (P � 0.05, Fig. 4, A–C) but not in
IKK� and SOCS-3. On the other hand, PCE-containing
resveratrol intake induced a significant increase in the ex-
pression of IRS-1 starting at wk 1, reaching 43 � 8%
above the baseline at 3 wk and remaining elevated for the
entire treatment period of 6 wk (P � 0.05, Fig. 3E). IRS-1
protein was not detectible in MNCs despite the increase in
mRNA levels. There was no change in TLR-4 expression
mRNA or protein expression in both groups (data not

shown). There was no significant change in any of these
genes in the placebo group. Changes in JNK-1, IKKß,
PTP-1B, SOCS-3, and IRS-1 expression after PCE were
significantly different when compared with placebo group
(two-way RMANOVA).

Effects of PCE on SIRT-1 expression in MNCs
There was no significant change in SIRT-1 protein ex-

pression in MNCs during this period in both groups.

Discussion

Our data show clearly that an extract of P. cuspidatum-
containing resveratrol suppressed ROS generation by
MNCs and the expression of p47phox, the cardinal subunit
of nicotinamide adenine dinucleotide phosphate oxidase,
the enzyme that converts molecular O2 into the O2

� rad-
ical. In addition, the intranuclear binding of NF�B was
also suppressed. NF�B is the major proinflammatory tran-
scription factor. Thus, this extract exerts ROS suppressive
(antioxidant) and antiinflammatory effects. These ac-
tions, demonstrated for the first time, in vivo, are consis-
tent with potential antiatherogenic and antiaging effects.
Longer-term studies are required to determine whether
these effects are durable and whether higher doses will
produce a greater effect.

In addition, there was a significant reduction in the
expression of TNF-� and IL-6 in MNCs and the plasma
concentration of TNF-�. TNF-� and IL-6 are two major
proinflammatory cytokines regulated by NF�B. Plasma
CRP concentrations also fell significantly, consistent with
an antiinflammatory effect. The magnitude of these effects
was similar to that described by us previously for rosigli-
tazone (22, 23).

In parallel with these effects, the expression of two ma-
jor proinflammatory kinases, JNK-1 and IKK�, was also
suppressed significantly over the 6-wk period of PCE in-
take. JNK-1 phosphorylates c-Jun and activates the pro-
inflammatory transcription factor activator protein-1.
IKK� phosphorylates NF�B inhibitor � and thus causes its
ubiquitination and proteasomal lysis and the transloca-
tion of NF�B into the nucleus and the initiation of proin-
flammatory transcription. The suppression of these ki-
nases is thus antiinflammatory. In addition, there was also
a reduction in the expression of SOCS-3, a protein whose
expression is modulated by the proinflammatory cyto-
kines TNF-�, IL-1�, and IL-6 (24, 25) and has been shown
to be up-regulated in obesity (26). PCE-containing res-
veratrol also caused suppression in the expression of
PTP-1B that, in addition to its known negative effects on
insulin action, has been shown to be involved in the in-

FIG. 4. Change from baseline (%) in protein levels of JNK-1 (A, B) and
PTP-1B (A, C) in MNC following PCE (200 mg/d) containing resveratrol
(40 mg/d) or placebo treatment for 6 wk in 10 normal healthy subjects
per group. *, P � 0.05 comparing changes from baseline by
RMANOVA; #, P � 0.05 comparing treatments between the groups by
two-way RMANOVA.
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flammatory response (17). These observations further
support a potent antiinflammatory effect of PCE extract in
vivo. It is also noteworthy that the suppression of PTP-1B
was not associated with a change in the expression of
SIRT-1 because previous work in animal models showed
that resveratrol-induced suppression of PTP-1B was me-
diated by SIRT-1 (15).

On the other hand, TLR4 expression was not altered
significantly. TLR4 is the specific receptor for endotoxin
or lipopolysaccharide, which triggers the downstream re-
sponses leading activation of NF�B.

It is of interest that several of the proinflammatory
genes suppressed by the resveratrol-containing extract
also interfere with insulin signal transduction and may
play a role in the development of insulin resistance. The
two kinases, IKK� and JNK-1, cause serine phosphoryla-
tion of IRS-1 and thus interfere with insulin signal trans-
duction (27). SOCS-3, which has been previously shown
to be related to body mass index and HOMA-IR and in-
versely to insulin receptor phosphorylation in obese hu-
mans (26), also interferes with insulin signal transduction
by causing the ubiquitination and proteasomal degrada-
tion of IRS-1 and IRS-2 (28). PTP-1B is the phosphatase
that removes phosphate residues from phosphotyrosine in
the �-subunit of the insulin receptor and thus limits the
magnitude and the duration of the insulin signal at the
insulin receptor level (18). In addition, the specific indi-
vidual deletions of SOCS-3, JNK-1, IKK�, TLR-4, and
PTP-1B protect against the development of diet-induced,
obesity-related insulin resistance (3, 27, 29–31). In view of
the above observations, it is possible that PCE with res-
veratrol may be a potential insulin sensitizer because it
suppressed SOCS-3, JNK-1, IKK�, and PTP-1B. Consis-
tent with this effect, there was also an increase in the ex-
pression of IRS-1. Clearly this hypothesis needs to be
tested in an insulin-resistant population.

The major weakness of our study is that it does not
identify which component of the extract is responsible for
the effects observed. The PCE used has only 20% resvera-
trol and the effects that we have described may be due to
products other than resveratrol contained in that prepa-
ration. This was the purest preparation available more
than 2 yr ago when these experiments were conducted.
Purer preparations are available now and would need to
be tested. On the other hand, our observations also open
the way for the investigation of other constituents of P.
cuspidatum, which may be responsible for these very po-
tent and interesting biological and clinically relevant ef-
fects. There are data showing the antiinflammatory effects
of polyphenols, in vitro, but there are no data demonstrat-
ing this, in vivo, in the human (32). The other limitation of

this study is that it has been conducted in a relatively small
number of patients and for a short period of 6 wk.

In conclusion, an extract of P. cuspidatum suppresses
ROS generation by MNCs; the expression of p47phox; the
intranuclear binding of NF�B; the expression of TNF-�,
IL-6, SOCS-3; and plasma concentrations of TNF-� and
CRP. It also suppresses the expression of JNK-1 and IKK�,
both of which are mediators of inflammation. In addition,
it suppresses the expression of SOCS-3 and PTP-1B, both
of which are known to interfere with insulin signal trans-
duction. This would potentially prolong insulin action
and its antiinflammatory effects. These comprehensive
suppressive effects on ROS generation and inflammation
are consistent with an antiaging action of resveratrol.
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