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Abstract—Cryptotanshinone (CTS), a major constituent extracted from the medicinal herb Salvia
miltiorrhiza Bunge, has well-documented antioxidative and anti-inflammatory effects. In the present
study, the pharmacological effects and underlying molecular mechanisms of CTS on lipopolysac-
charide (LPS)-induced inflammatory responses were investigated. By enzyme-linked immuno-
sorbent assay, we observed that CTS reduced significantly the production of proinflammatory
mediators (tumor necrosis factor-α and interleukin-6) induced by LPS in murine macrophage-like
RAW264.7 cells. Mechanistically, CTS inhibited markedly the phosphorylation of mitogen-activated
protein kinases (MAPKs), including ERK1/2, p38MAPK, and JNK, which are crucially involved in
regulation of proinflammatory mediator secretion. Moreover, immunofluorescence and western
blot analysis indicated that CTS abolished completely LPS-triggered nuclear factor-κB (NF-κB)
activation. Taken together, these data implied that NF-κB and MAPKs might be the potential mole-
cular targets for clarifying the protective effects of CTS on LPS-induced inflammatory cytokine
production in macrophages.

KEY WORDS: cryptotanshinone; lipopolysaccharides; cytokines; NF-κB; MAPKs.

INTRODUCTION

Proinflammatory cytokines, including tumor necrosis
factor (TNF), interleukin-1 (IL-1), IL-6, and IL-8, are
important inflammatory mediators that are rapidly induced
in the early stage of inflammatory diseases or injury
process and modulate a myriad of healing processes, but if
over-produced, these cytokines may exacerbate the
severity of multiple inflammatory diseases such as in

rheumatoid arthritis, atherosclerosis, Alzheimer's disease,
acute ischemic stroke, especially in sepsis. Among the
inflammatory cytokines, TNF-α plays a key role in
regulating inflammation, mostly through the induction of
other inflammatory cytokines including IL-1 (IL-1α and
IL-1β), IL-6, IL-8, macrophage inflammatory protein 2
(MIP-2), granulocyte-macrophage colony-stimulating
factor (GM-CSF), and adhesion molecules. Therefore,
anti-inflammation is an important therapeutic strategy for
various inflammatory diseases.

Salvia miltiorrhiza (SM), a well-known traditional
Chinese herbal medicine, has been widely used in the
clinical treatment of different diseases such as cardio-
vascular disease and neurodegenerative diseases. Crypto-
tanshinone (CTS), as the major active component of SM,
was reported to have multiple pharmacological activities,
such as anti-inflammatory, antioxidative, antiapoptosis,
and antiplatelet aggregation activities [1–4]. It also
benefited patients with stroke and ischemic diseases [5],
with few or no side effects.
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As nuclear factor-Kappa B (NF-κB) and mitogen-
activated protein kinase (MAPK) pathways are crucially
implicated in inflammatory responses, the effects of CTS
on NF-κB activation and phosphorylation of ERK1/2,
p38MAPK, and JNK were explored in activated
RAW264.7 macrophages induced by lipopolysaccharide
(LPS) in order to illuminate the molecular mechanisms
of the anti-inflammatory effect of CTS.

MATERIALS AND METHODS

Chemicals and Reagents

Cryptotanshinone (over 98% purity) was kindly
provided by Professor Gu Lianquan (Institute of Pharmacy
Synthesis, Sun Yat-sen University). The structure of the
compound was established based on nuclear magnetic
resonance and mass spectral data and by comparison with
those of authentic sample. LPS (Escherichia coli 055:B5),
dimethyl sulfoxide (DMSO), and 3-(4,5-dimethylthiazol-
2-y1)-2,5-dipheny-ltetrazolium bromide (MTT) were
obtained from Sigma Aldrich (St. Louis, MO, USA).
Dulbecco's modified Eagle's medium (DMEM) and fetal
bovine serum (FBS) were obtained from Invitrogen-Gibco
(Grand Island, NY). Primary antibodies of p65 and
IκB-α were purchased from Santa Cruz (Santa Cruz,
CA, USA). Primary antibodies of ERK, p38, JNK, p-
ERK, p-p38, and p-JNK were obtained from Cell
Signaling Technology Inc. (San Francisco, CA, USA).
Flourescein isothiocyanate (FITC)-conjugated secondary
antibody was from Invitrogen.

Cell Culture

RAW264.7 cells, a murine macrophage-like cell line,
were purchased from American Type Culture Collection
(ATCC TIB71, Manassas, VA) and maintained in DMEM
supplemented with 10% heat-inactivated FBS, 100 IU/ml
of penicillin G, and 100 µg/ml streptomycin under 5%
CO2 at 37°C in humidified atmosphere. In brief, macro-
phages were plated at a density of 2×105 cells/ml and
serum-starved for 24 h, then the cells were pretreated with
indicated compounds for 2 h prior to stimulation with LPS
(100 ng/ml) for another 24 h. Test compounds were
freshly dissolved in DMSO on the day of the experiment
and diluted with serum-free DMEM at appropriate
concentrations. The final concentration of DMSO was
adjusted to 0.1% (v/v). Control groups received the same
amount of DMSO.

MTT Assay for Cell Viability

To measure cell viability, MTT assay was per-
formed as described previously. RAW264.7 cells were
seeded in 96-well plates at 2×105 cells/ml and incubated
in a 37°C, 5% CO2 incubator. After 24 h, the cells were
pretreated with different concentrations of CTS (0–
10 µM) for 2 h, followed by stimulation with LPS for
24 h. Subsequently, MTT at 5 mg/ml was added to each
well and incubated for an additional 4 h. The MTT/
medium in each well was carefully removed, and 150 μl
DMSO was added into each well, followed by incubation
at 37°C for 10 min with horizontal shaking. The
absorbance at 570 nm was measured with an automated
microplate reader (Bio-Tek, Winooski, VT, USA).

Quantitative Analysis of Cytokine Production

RAW264.7 cells (2×105 cells/ml) in 96-well plates
were treated with LPS (100 ng/ml) in the presence or
absence of CTS for 24 h, and then culture supernatants
were harvested. TNF-α and IL-6 in the cell super-
natants was measured with commercial enzyme-linked
immunosorbent assay (ELISA) kits according to the
instructions of the manufacturer.

Western Blot Analysis

RAW264.7 cells (2×105 cells/ml) were cultured in
six-well plates for 24 h, then pretreated with 2.5, 5, or
10 µM of CTS for 2 h prior to treatment with 100 ng/ml
of LPS for 30 min. Whole-cell lysates were prepared
using ice-cold cell lysis buffer (Cell Signaling, Danvers,
MA, USA). Protein concentration was determined using
BCA Protein Assay Kit (Pierce, Rockford, IL, USA).
Samples of whole-cell lysates were separated by 10%
SDS-PAGE and then transferred onto polyvinylidene
difluoride membranes (Bio-Rad, Hercules, CA, USA).
The membranes were incubated in blocking solution
(5% skimmed milk) for 1 h at room temperature and
immunoblotted with primary antibodies that recognize
α-tubulin, IκB-α, p65, MAPKs (ERK, JNK, p38, p-ERK,
p-JNK, and p-p38), and Histone-1 (Cell Signaling,
Danvers, MA, USA). After washing with Tris-buffered
saline Tween-20 (TBST), horseradish peroxidase-
conjugated secondary antibodies (Cell Signaling; 1:2,000
dilution in TBST) were applied. Blots then were developed
by an enhanced chemiluminescence detection system
(Pierce, Rockford, IL, USA). The intensities of the protein
bands were analyzed by Labworks software. α-Tubulin
protein was used as the internal control to normalize for
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protein loading. Western blot analysis of nuclear protein
(for NF-κB and Histone H1) isolated from RAW264.7
cells was performed as previously described [6].

P65 Subunit Translocation by Immunofluorescent
Staining

RAW264.7 cells (2×105 cells/ml) cultured on glass
cover slips were plated into six-well plates for 24 h,
pretreated with 2.5, 5, or 10 µM of CTS for 2 h prior to
treatment with 100 ng/ml of LPS for 30 min. Cells were
washed with 0.01 M phosphate-buffered saline (PBS)
and fixed in 4% formaldehyde for 30 min. After being
permeabilized with 1% Triton X-100 for 10 min, cells
were then blocked with PBS containing 5% bovine serum
albumin for 30 min and processed for immunofluorescent
staining with mouse anti-NF-κB/p65 polyclonal antibody
followed by FITC-conjugated goat anti-mouse IgG.
Finally, cover slips were mounted on slides, and
fluorescence signals were analyzed by microscopy
(Olympus, Tokyo, Japan).

Statistical Analysis

All values were expressed as means±the standard
error of the mean (SEM). Differences between mean
values of normally distributed data were assessed by
one-way ANOVA (Dunnett's t test) and Student's t test.
The analysis was performed using GraphPad Prism
Software version 4.0 (GraphPad Software Inc. La Jolla,
CA). P values less than 0.05 were considered significant.

RESULTS

Effect of CTS on Macrophage Cell Viability

As determined by the MTT assay (Fig. 1), CTS (0–
10 μM) did not display any cellular toxicity against
RAW264.7 cells over 24 h, thus excluding a nonspecific
cytotoxicity as a possible explanation for the decreased
cytokine output.

CTS Inhibited Efficiently LPS-Induced Production
of TNF-α and IL-6 in Macrophages

To investigate the anti-inflammatory effects of
CTS, we first quantified TNF-α and IL-6 production in
the culture supernatants of RAW264.7 cells. As shown
by sandwich ELISA results, both cytokines were
relatively low in resting cells but markedly increased
upon exposure to LPS alone. Treatment with CTS

inhibited LPS-induced TNF-α and IL-6 production in a
dose-dependent manner (Fig. 2, P<0.01).

CTS Suppressed the Phosphorylation of ERK 1/2,
JNK, and p38 MAPK

MAPK signaling pathways are well-recognized to
control the synthesis and release of proinflammatory
mediators by activated macrophages during the inflam-
matory response. To determine whether MAPK signal-
ing pathways are implicated in the anti-inflammatory
effects of CTS, RAW264.7 cells were treated with
various concentrations of CTS for 2 h and then
stimulated with LPS for 30 min. The phosphorylation
of three MAPK signaling molecules including ERK1/2,
JNK, and p38 MAPK were analyzed by western blot.
The phosphorylation levels of the MAPK isoforms
were dramatically decreased in CTS-treated cells
compared with the only LPS-treated cells. However,
total levels of the MAPK isoforms did not differ
significantly among these groups. These results indi-
cated that signal transduction by MAPK molecules
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Fig. 1. a Chemical structure of cryptotanshinone. b Effect of CTS on
the viability of RAW264.7 cells. Cells were cultured with CTS (0–
10 μM) in the absence or presence of 100 ng/ml LPS for 24 h, then cell
viability was measured by MTT assay. Data are presented as means±
SEM of three independent experiments.
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might be effectively blocked by CTS in activated
macrophages (Fig. 3).

CTS Prevented NF-κB Activation in LPS-Stimulated
RAW264.7 Cells

NF-κB is an important transcription factor orches-
trating proinflammatory mediators' production in acti-
vated macrophages. Therefore, we next investigated
whether CTS has an inhibitory effect on the NF-κB
signaling pathway, which is implicated in the transcrip-
tional regulation of inflammatory mediators in LPS-
stimulated RAW264.7 cells.

As shown in Fig. 4, LPS stimulation induced the
IκB-α degradation in cytosol and the translocation of
NF-κB p65 subunit into the nucleus of RAW264.7 cell;
however, CTS pretreatment significantly attenuated the
cytosolic levels of IκB-α and the nuclear levels of NF-
κB p65 subunit in LPS-stimulated RAW264.7 cells. By
immunofluorescent staining of p65, we observed that
p65 was exclusively distributed in the cytoplasmic
compartment before LPS stimulation. Treatment with
LPS resulted in the enrichment of p65 in the nucleus
(Fig. 5). The nuclear translocation of p65 was markedly
attenuated in a dose-dependent manner by CTS treat-

ment. These results indicated the potential role of NF-κB
in the suppression of inflammatory mediators-TNF-α
and IL-6 production by CTS.

DISCUSSION

Activated monocytes/macrophages liberate cyto-
kines at the site of inflammation and are involved in
the progression of disease states resulting from chronic
inflammation. LPS activates monocytes/macrophages by
binding to its receptor, Toll-like receptor-4 (TLR4), and
then TLR4 activates the intracellular signaling cascade
by recruiting myeloid differentiation factor 88 (MyD88),
IL-1 receptor-associated kinase (IRAK)-1, and IRAK-4
to the membrane. IRAKs associate with the receptor
complex transiently. Once released, IRAKs can associate
with and activate TNF receptor-activated factor 6
(TRAF6), causing activation of the IκB kinase (IKK)
complex and MAPK [7–9] which are known to be
involved in the regulation proinflammatory cytokine
secretion [10–12]. The activated IKK complex induces
phosphorylation of IκB, causing degradation of IκB and
liberation of the transcription factor, NF-κB, which

Fig. 2. Effect of different concentrations of CTS on the secretion of TNF-α and IL-6 from RAW264.7 macrophages. The cells were treated with LPS
alone or LPS plus different concentrations (2.5, 5, or 10 μM) of CTS for 24 h and then subjected to ELISA for the determination of TNF-α and IL-6
secretion. The values represent means±SEM of three independent experiments. *P<0.05, **P<0.01.
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Fig. 3. Effect of CTS on LPS-induced phosphorylation of MAPKs in RAW264.7 macrophages. RAW264.7 macrophages were treated with 2.5, 5, or
10 μM CTS for 2 h before the addition of 100 ng/ml LPS for 30 min. Cell extracts were subjected to western blot analysis with phospho-specific
antibodies. The total MAPK levels were used as internal controls. Shown in the right panel are means±SEM of three independent experiments. A
representative western blot is shown in the left panel. *P<0.05, **P<0.01.

Fig. 4. CTS suppressed LPS-induced IκB degradation and NF-κB activation in RAW264.7 cells. RAW264.7 cells were pretreated with CTS (2.5, 5,
and 10 μM) for 2 h and then stimulated with LPS (100 ng/ml) for 30 min. The cells were harvested, and then cytosolic extract was prepared for
the detection of total forms of IκB and nuclear extracts for the detection of the NF-κB p65 subunit by western blot. Shown in the right panel are
means±SEM of three independent experiments. A representative western blot is shown in the left panel. *P<0.05, **P<0.01.
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promotes the transcription of inflammatory cytokines
such as IL-1, IL-6, TNF-α, and IFN-γ [13, 14].

Several proinflammatory cytokines such as TNF-α,
IL-6, IL-1β, and cyclooxygenase-2 are instrumental in
inflammatory responses; therefore, the inhibitory effect
on these proinflammatory cytokines and mediator
production is a key factor to evaluate the efficacy of
anti-inflammatory drugs. In the present study, we
showed that CTS inhibited significantly the production
of proinflammatory mediators (TNF-α and IL-6) in
RAW264.7 cells after stimulating with LPS, suggesting
that CTS had an anti-inflammatory function.

Despite several reports documenting the anti-
inflammatory properties of CTS [15–17], the precise
molecular mechanisms remain largely unexplored. NF-
κB, as the main regulator for most of proinflammatory

genes, mediates a variety of important cellular functions by
regulating immune and inflammatory responses [18, 19].
In unstimulated cells, NF-κB forms a heterodimer of p65/
p50 binding to the inhibitor proteins IkB. After stimula-
tion, p65/p50 is released from the IκB resulting in p65
translocation into the nucleus to regulate gene transcrip-
tion. Our studies indicated that CTS could inhibit IκB-α
degradation and p65 translocation into the nucleus upon
LPS stimulation in RAW264.7 cells, indicating that NF-κB
pathways might be involved in the suppressive effects of
CTS on the release of proinflammatory cytokines in LPS-
treated RAW264.7 cells.

MAPKs are a family of serine/threonine protein
kinases responsible for most cellular responses to
cytokines and external stress signals and crucial for
regulation of the production of inflammation mediators;

Fig. 5. CTS prevented LPS-induced nuclear translocation of NF-κB p65 subunit by immunofluorescent studies. Cells were treated with or without
CTS for 2 h and stimulated with LPS (100 ng/ml) for 30 min, fixed, permeabilized, and incubated with mouse anti-p65 antibody followed by FITC-
conjugated anti-mouse IgG (green). The nuclei of the corresponding cells were visualized by Hoechst 33342 staining (blue). Magnification ×400. a In
untreated cells, NF-κB p65 is limited to the cytoplasm. b LPS-stimulated cells show NF-κB p65 (green) translocation into the nucleus. c–e CTS
inhibited p65 nuclear translocation in a dose-dependent manner.
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thus, this pathway may be an important therapeutic
target in the treatment of inflammatory diseases [20]. A
growing body of evidence indicated that many natural
products have been shown to inhibit the expression of
proinflammatory genes by modulating the phosphoryla-
tion of MAPKs pathways [21–24]. In our experiments,
rapid phosphorylation of ERK1/2, JNK, and p38 MAPK
followed by LPS stimulation in RAW264.7 cells were
inhibited by CTS in a dose-dependent manner, implying
that CTS may inhibit MAPK signaling cascade.

To summarize, our data provide the first line of
evidence, suggesting that CTS suppressed LPS-induced
production of TNF-α and IL-6 via inhibiting the
activation of NF-κB and MAPKs. However, the molec-
ular basis that contributes to these inhibitory effects
remains unknown, and future work is underway in our
lab to determine upstream events of these signaling
pathways such as Toll-like receptor-4. In addition, future
studies should also address the clinical relevance of our
studies.
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