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Puerarin inhibits iNOS, COX-2 and CRP
expression via suppression of NF-kB activation
in LPS-induced RAW264.7 macrophage cells
Wenzhi Hu1*, Xiangjun Yang1*, Cao Zhe2, Qin Zhang3, Lie Sun2, Kejiang Cao4
1

Department of Cardiology, First Affiliated Hospital of Soochow University, Soochow, China

2

Department of Cardiology, Second Affiliated Hospital of Nanjing Medical University, Nanjing, China

3

Osteopathia Laboratory, Department of Orthopaedics, First Affiliated Hospital of Soochow University, Soochow, China

4

Department of Cardiology, First Affiliated Hospital of Nanjing Medical University, Nanjing, China

Correspondence: Kejiang Cao, e-mail: Caokejiang2010@yahoo.cn

Abstract:
Puerarin (7,4’-dihydroxy-8-C-glucosylisoflavone) is the most abundant isoflavone-C-glucoside extracted from Radix puerariae,
and it has been used for various medicinal purposes in traditional oriental medicine for thousands of years. In the present study, the
ability of the puerarin to modulate inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and C reactive protein (CRP)
expression and induce changes in the nuclear factor kB (NF-kB) pathway in RAW264.7 macrophage cells was examined. The protein and mRNA levels of lipopolysaccharide (LPS)-induced iNOS, COX-2 and CRP were determined in RAW246.7 macrophage
cells. Inhibitor kB (I-kB) phosphorylation and p65NF-kB expression in RAW246.7 macrophage cells were also detected under our
experimental conditions. The results indicated that puerarin inhibited the expression of LPS-induced iNOS, COX-2 and CRP proteins and also suppressed their mRNAs from RT-PCR experiments in RAW264.7 cells. Subsequently, we determined that the inhibition of iNOS, COX-2 and CRP expression was due to a dose-dependent inhibition of phosphorylation and degradation of I-kB,
which resulted in the reduction of p65NF-kB nuclear translocation. These data suggested that the effect of puerarin-mediated inhibition of LPS-induced iNOS, COX-2 and CRP expression is attributed to suppressed NF-kB activation at the transcriptional level.
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Introduction
During inflammatory disease, the macrophage produces excessive amounts of mediators, such as nitric

oxide (NO), prostaglandins (PGs), C reactive protein
(CRP) and pro-inflammatory cytokines [14, 21]. Nitric oxide synthase (NOS) and the cyclooxygenase
(COX) system play a major role in similar pathophysiological conditions, such as inflammation and
cancer [18]. Molecular cloning and sequencing analysis have revealed the existence of at least three main
types of NOS isoforms: neuronal NOS, endothelial
NOS and inducible NOS (iNOS) [7]. COX is the molecular target for analgesic and anti-inflammatory
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remedies that have been used for hundreds of years.
COX exists in two isoforms, the constitutive COX-1 and
inducible COX-2 and is produced in abundance by activated macrophages and other cells at the site of inflammation [4]. PGs and NO biosynthesis are involved in inflammation, and iNOS and COX-2 are responsible for
the production of large amounts of these pro-inflammatory mediators [22]. CRP is an acute phase protein
produced by hepatocytes whose serum elevation is considered as an indicator of chronic inflammation and
whose interaction with endothelial cells may be the
mechanistic link between CRP and atherosclerosis [17].
Furthermore, CRP induces nuclear factor-kB (NF-kB)
activation in circulating monocytes, amplifying the effects of a standard pro-inflammatory stimulus, such as
a low dose of lipopolysaccharide (LPS) [14].
NF-kB is activated by various inflammatory stimuli including LPS [15, 28]. Activated NF-kB has been
identified in monocyte/macrophages, smooth muscle
cells and endothelial cells in human atherosclerotic
vessels but not in healthy vessels [3]. NF-kB transcription factors regulate a plethora of cellular pathways and processes including the immune response,
inflammation, proliferation, apoptosis and calcium
homeostasis [20, 30]. It is especially involved in the
expression of CRP, iNOS and COX-2 [5].
Radix puerariae, also called kudzu root, is the root
of Pueraria lobata (Willd.) Ohwi, which is a perennial
leguminous plant native to eastern Asia. Puerarin
(7,4’-dihydroxy-8-C-glucosylisoflavone), the chemical
structure of which is shown in Figure 1, is the most
abundant isoflavone-C-glucoside extracted from Radix

puerariae. Puerarin has been used for various medicinal purposes in traditional oriental medicine for thousands of years. A number of studies have revealed that
puerarin possesses many biological activities, including the degradation of cholesterin [2], antioxidation
processes [27], anticarcinogenic processes [31] and the
improvement of hyperglycemic disorders [1].
Flavonoids showed strong inhibitory effects on the
expression of COX-2 [24] and iNOS [13] in macrophage cells because of their C2–C3 double bond and
4-oxo functional group of the C-ring, which are important factors for a high level of inhibitory activities.
Our preliminary studies suggest that puerarin has an
anti-inflammatory property through its inhibitory effect on the expression of CRP protein via the suppression of NF-kB activation in LPS-induced peripheral
blood mononuclear cells [29]. However, no study to
date has documented the potential effects of puerarin
on CRP, iNOS and COX-2 expression on this signaling
pathway in macrophage cells. Therefore, we investigated the effect of puerarin on CRP, iNOS and COX-2
expression in LPS-induced RAW264.7 macrophage
cells. The present study demonstrates that puerarin exhibits its anti-inflammatory activity via the suppression of p65NF-kB nuclear translocation and inhibitory-kB (I-kB) phosphorylation.

Materials and Methods
Materials

Puerarin was purchased from Sigma Chemical (St. Louis,
MO, USA). RAW264.7 cells and murine macrophages
were obtained from the American Type Culture Collection (Rockville, MD, USA).
Cell culture

Fig. 1. Chemical structure of puerarin
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Cells were maintained at subconfluence in 95% air and
5% CO humidified atmosphere maintained at 37°C.
The medium used for routine subculture was Dulbecco’s Modified Eagle’s Medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS), penicillin
(100 units/ml) and streptomycin (100 µg/ml). The
cells were counted with a hemocytometer, and the
number of viable cells was determined with trypan
blue dye exclusion.
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MTT assay

An MTT (3-[4,5-dimethyl-2-thiazolyl]-2,5-diphenyltetrazolium bromide) assay was used to measure the
viability of the cells after treatment with puerarin.
MTT is a pale yellow substrate that produces a dark
blue formazan product when incubated with living
cells; an MTT ring is cleaved in active mitochondria,
which occurs only in living cells. After the supernatants were removed for nitrite determination, cells
were incubated at 37°C with MTT (0.05 mg/ml) for
4 h, and the optical density was measured at 540 nm.
Determination of PGE2, CRP and nitrite

The culture medium of the control and treated cells
was collected, centrifuged and stored at –70°C until
further analysis. PGE and CRP proteins secretions in
culture supernatants were quantified using an enzyme-linked immunosorbent assay (ELISA) kit obtained from BioSource International (Camarillo, CA),
which was used as described by the manufacturer.
The nitrite concentration in the culture medium was
measured as an indicator of NO production according
to the Griess reaction.
Western blot assay

Cells were washed three times with Dulbecco’s phosphate buffer saline (DPBS). The washed cells were
re-suspended in lysis buffer (10 mM Tris-HCl pH 7.5,
3 mM CaCl , 2 mM MgCl , 1% NP-40, 0.5 mM phenylmethylsulfonyl fluoride (PMSF) and protease inhibitors cocktails) and incubated for 30 min on ice.
The lysate was centrifuged at 12,000 × g for 20 min
and the supernatant was collected. The protein concentration was determined with the Bio-Rad Protein
Assay Reagent (Vancouver, Canada). Protein (80 µg)
was separated on sodium dodecyl sulfate (SDS)-polyacrylamide gels (8% for iNOS; 10% for COX-2,
CRP, IkBa, p-I-kBa, and NF-kB p65) and transferred
to polyvinylidene difluoride (PVDF) membranes
(Millipore, MA). The transblotted membranes were
washed twice with TBS containing 0.1% Tween 20
(TBST) and incubated with blocking solution (5%
skim milk) for 2 h. The membranes were incubated
overnight at 4°C with anti-iNOS, COX-2, CRP, IkBa,
p-I-kBa, NF-kB p65 and b-tubulin (lnvitrogen, USA).
Blots were washed three times with TBST for 20 min
and incubated with horseradish peroxidase (HRP)-conjugated secondary antibody (lnvitrogen, USA) for 1 h

at room temperature. Blots were again washed three
times in TBST and then developed for visualization
using the ECL Plus detection kit (Amersham, UK).
The intensity of each band was quantitatively determined using Gel-Pro Analyzer Software (Media Cybernetics, USA), and the density ratio represents the
relative intensity of each band against those of the
controls in each experiment.
RNA extraction and reverse transcription
polymerase chain reaction (RT-PCR)

RT-PCR was performed with total RNA. RNA was
extracted using TRI REAGENT™ according to the
manufacturer’s recommendations (Sigma Chemical
Co., St. Louis, MO). The purity of the RNA preparation was checked by measuring the absorbance ratio
at 260/280 nm. The sense and antisense primers for
CRP were 5’-AGAATCTGACTTACCCATGGT-3’ and
5’-GAGGGAGAAGAATTATGTCTG-3’, respectively.
The sense and antisense primers for iNOS were
5’-CCCTTCCGAAGTTTCTGGCAGC-3’ and 5’-GGCTGTCAGAGCCTCGTGGCTT-3’, respectively. The
sense and antisense primers for COX-2 were 5-GGAGAGACTATCAAGATAGTGATC-3 and 5’-AT- GTCAGTAGACTTTTACAGCTC-3’, respectively. The sense
and antisense primers for rat GAPDH mRNA expression (used as a control for total RNA content for each
sample) were 5’-TGAAGGTCG- GTGTGAACGGATTTGGC-3’ and 5’-CATGTAGGC- CATGAGGTCCA
CCAC-3’, respectively. RT-PCR was performed using
the ONE-STEP RT-PCR Pre Mix kit (lnvitrogen,
USA), according to the manufacturer’s instructions.
Preparation of cytosolic extract

This procedure was carried out by BD Mercury TransFactor Kits (BD Biosciences, USA). The treated
RAW264.7 cells were collected and rinsed with 20 ml
of cold PBS (58 mM Na HPO", 17 mM NaH PO",
68 mM NaCl, pH 7.5). Lysis buffer (supplied with
a kit) was added to the pellet and was left on ice for
15 min. Next, the cell suspension was centrifuged at
420 × g and 4°C for 5 min, and the supernatant was
discarded. Lysis buffer was added to the remaining
pellet. The cells were ruptured by rapid strokes of
a 27 gauge needle and syringe and centrifuged for
20 min at 4°C at 11,000 × g. The supernatant collected was snap-frozen in liquid nitrogen. Protein
content was measured using a BCA assay (Pierce,
USA).
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Preparation of nuclear extract

The pellet acquired from the cytosolic protein extraction was added with an extraction buffer (which was
supplied with the kit). As described in the cytosolic
protein extraction procedure, the cell nuclei were disrupted with a 27 gauge needle and syringe and centrifuged at 21,000 × g for 5 min. The nuclear protein in
the supernatant was snap-frozen in liquid nitrogen for
storage and measured for protein content using the
BCA assay (Pierce, USA).
Analysis of p65/DNA binding

DNA binding activity was quantified using the
ELISA-based Trans-AMTM NF-kB p65 Kit (Active
Motif, Carlsbad, CA, USA) according to the manufacturer’s protocol. Briefly, nuclear extracts (5 µg of
protein per well) were incubated in 96-well plates
coated with immobilized oligonucleotide containing
a NF-kB consensus binding site. NF-kB binding to
target oligonucleotides was detected by incubation of
the samples with primary antibodies against the p65
subunit provided with the kit. For the quantification
of activity, optical densities were measured at 450 nm
with a microplate reader.
Data analysis

Results were expressed as the mean ± standard deviation (SD). Differences in mean values between groups

were analyzed by a one-way analysis of variance.
Post-hoc comparisons were carried out by the Student-Newman-Keuls test. Data points were considered statistically significant at p < 0.05.

Results
Effect of puerarin on cell viability

The cytotoxicity experiments in this study were performed at 10, 20, 40 and 100 µM concentrations. The
puerarin was not cytotoxic at any of the concentrations tested (data not shown).
Effect of puerarin on PGE2, CRP and NO
production

The effects of puerarin on PGE , CRP and NO production in LPS-activated RAW264.7 macrophage
cells were tested to investigate its anti-inflammatory
effects. The amount of nitrite accumulated in the culture medium was estimated using Griess reagent as an
index for NO. As shown in Figure 2, The effects of
puerarin on PGE , CRP and NO production were
barely detectable in unstimulated cells but markedly
increased after LPS treatment. Further, puerarin inhibited PGE , CRP and NO production in a concentration-dependent manner.

Fig. 2. The LPS-induced inhibition of PGE2 or CRP (A) and NO (B) production by puerarin in RAW264.7 macrophage cells. The cells were pretreated with 10, 20, 40 µM of puerarin and 40 µM of indomethacin for 2 h and then incubated with LPS (1 µg/ml) or LPS only for 20 h. The supernatants were harvested and assayed for PGE2, CRP and nitrite production. Asterisks indicate significant differences from the LPS only incubation (* p < 0.05, ** p < 0.01)
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Fig. 3. Inhibition of LPS-induced iNOS (B), COX-2 (C) and CRP (D) protein expression by puerarin in RAW264.7 macrophages. The cells were
pretreated with 10, 20, 40 µM of puerarin and 40 µM of indomethacin for 2 h and then incubated with LPS (1 µg/ml) or LPS only for 20 h. Equal
amounts of total protein (80 µg/lane) were subjected to 8% (for iNOS) and 10% (for COX-2, CRP and b-tubulin) gels. SDS–PAGE and the expression of iNOS, COX-2, CRP and b-tubulin was detected by western blot analysis (A). b-Tubulin was used as an internal control. Asterisks indicate significant differences from the incubation with LPS alone (* p < 0.05, ** p < 0.01)

Fig. 4. Effect of puerarin on LPS-induced iNOS (B), COX-2 (C) and CRP (D) mRNA expression in RAW264.7 macrophages. The cells were pretreated with 10, 20, 40 µM of Puerain and 40 µM of indomethacin for 2 h and then incubated with LPS (1 µg/ml) or LPS only for 7 h. Total RNA of
lysed cells was prepared for the RT-PCR analysis (A). PCR of glyceraldehydes-3-phosphate dehydrogenase, GAPDH, was performed to control for a similar initial cDNA content of sample. Asterisks indicate significant differences from the LPS alone (* p < 0.05, ** p < 0.01)

Pharmacological Reports, 2011, 63, 781789

785

Fig. 5. Effect of puerarin on p65NF-kB expression and NF-kB nuclear protein-DNA binding activity in RAW264.7 macrophages. Cytosolic proteins (A) and nuclear proteins (B) from cells were pretreated with 10, 20, and 40 µM of puerarin and 40 µM of indomethacin for 2 h and then incubated with LPS (1 µg/ml) or LPS only for 1 h. (C) Detection of NF-kB binding activity was performed with the ELISA-based Trans-AMTM NF-kB
p65 Kit. Asterisks indicate significant differences from the LPS alone (* p < 0.05, ** p < 0.01)

Fig. 6. Effect of puerarin on I-kBa phosphorylation in RAW264.7 macrophages. The cells were pretreated with 10, 20, 40 µM of puerarin and
40 µM of indomethacin for 2 h and then incubated with LPS (1 µg/ml) or LPS only for 1 h. Detection of I-kBa and p-I-kBa expression was determined by western blot analysis. Asterisks indicate significant differences from the LPS alone (** p < 0.01)
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Effect of puerarin on iNOS, COX-2 and CRP
proteins expression

The effects of puerarin on CRP, iNOS and COX-2
protein expression in RAW264.7 cells were examined
by western blot analysis. As shown in Figure 3, the
CRP, iNOS and COX-2 proteins were barely detectable in unstimulated cells but markedly increased after LPS treatment. In addition, puerarin inhibited
expression of CRP, iNOS and COX-2 proteins in
a concentration-dependent manner.
Effect of puerarin on iNOS, COX-2 and CRP
mRNA expression

We extended our studies to determine whether the expression of CRP, iNOS and COX-2 proteins paralleled those of the corresponding mRNAs. mRNA expression of CRP, iNOS, COX-2 and GAPDH were
measured by RT-PCR. As shown in Figure 4, the CRP,
iNOS and COX-2 mRNAs were barely detectable in
unstimulated cells but markedly increased after LPS
treatment. Further, puerarin inhibited expression of
CRP, iNOS and COX-2 mRNA in a concentrationdependent manner.
Effect of puerarin on p65NF-kB expression and
NF-kB nuclear protein-DNA binding activity

We evaluated the effect of puerarin on the cellular distribution of the p65NF-kB protein after puerarin treatment. Figure 5 shows that puerarin prevented the nuclear translocation of cytosolic p65NF-kB because increasing amounts of p65NF-kB were retained in the
cytosol in a dose-dependent manner (Fig. 5A). Correspondingly, decreased amounts were found in the nuclear extract (Fig. 5B). We also determined the effect
of puerarin on p65 DNA-binding activity. In the presence of puerarin at 10–40 µM, the DNA-binding activity of NF-kB was suppressed in a dose-dependent
manner (Fig. 5C).
Effect of puerarin on I-kBa phosphorylation
in RAW264.7 cells

Since the nuclear translocation of p65NF-kB is regulated via the phosphorylation of its inhibitor I-kBa,
we determined whether puerarin had any effect on the
phosphorylation of this molecule. Figure 6A shows
the dose-dependent accumulation of I-kBa in LPS-

induced cells. Figure 6B confirms that the accumulation of I-kBa is due to the dose-dependent inhibition
of puerarin by the phosphorylation and subsequent
degradation of I-kBa.

Discussion
The activation of macrophages plays an important
role in the inflammatory process [9]. Increases in
iNOS, COX-2 and CRP gene expression are associated with inflammatory responses [5]. Continuous
production of these molecules in chronic inflammation has been linked to the development of autoimmune disorders, coronary artery disease and cancer
[16, 19, 23]. The interaction between CRP and endothelial cells has been the focus of many studies. In
previous studies, CRP was found to induce NF-kB activation in rat vascular smooth muscle cells [8], bovine aortic endothelial cells [12] and human saphenous vein endothelial cells [26]. In this study, the results indicated that puerarin inhibits the expression of
the protein and mRNA levels of iNOS, COX-2 and
CRP in LPS-induced RAW264.7 cells.
During macrophage inactivation, NF-kB is maintained in the cytosol and bound by inhibitory-kB proteins (I-kB). Only when NF-kB has been released will
it translocate to the nucleus and bind specific kB sequences in the regulatory regions of target genes [30].
When a macrophage is activated, the nuclear translocation of NF-kB starts with the phosphorylation of
NF-kB kinase (IKK) inhibitor by NF-kB-inducing kinase (NIK) [10], followed by the rapid phosphorylation of I-kB by IKK and the degradation of phosphorylated I-kB by the roteosome complex [11]. The
phosphorylation of I-kB is generally regarded as the
rate-limiting step in the release of NF-kB [6, 30]. The
p50/p65 heterodimer is the most common dimer
found in the NF-kB signaling pathway [25].Thus, the
ability of puerarin to inhibit the phosphorylation and
degradation of I-kBa will cause the accumulation of
both I-kBa and p65NF-kB in the cytosol, thereby reducing the amount of p65NF-kB that can enter the nucleus. In our study, puerarin inhibited the phosphorylation of I-kB, blocked the I-kB production and furthermore suppressed p65 NF-kB translocation to the
nucleus and modulated its binding activity.

Pharmacological Reports, 2011, 63, 781789

787

In conclusion, we have shown that puerarin inhibits
CRP, iNOS and COX-2 expression in RAW264.7
macrophage cells. The mechanism of this effect, at least
in part, may involve the inhibition of the NF-kB pathway. Puerarin shows potential as an anti-inflammatory
agent and may be used in the future as a novel agent
for the chemoprevention of cancer and/or inflammatory diseases, such as atherosclerosis.
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