
RESEARCH ARTICLE Open Access

Pinus densiflora needle supercritical fluid
extract suppresses the expression of pro-
inflammatory mediators iNOS, IL-6 and IL-
1β, and activation of inflammatory STAT1
and STAT3 signaling proteins in bacterial
lipopolysaccharide-challenged murine
macrophages
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Abstract

Background: Regulation of a persistently-activated inflammatory response in macrophages is an important target for
treatment of various chronic diseases. Pine needle extracts are well known to have potent immunomodulatory effects.
The current study was designed to evaluate the effects of Pinus densiflora needle supercritical fluid extract (PDN-SCFE)
on bacterial lipopolysaccharide (LPS)-induced inflammatory response in RAW 264.7 murine macrophages.

Methods: Cytotoxic effect of PDN-SCFE was determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. The levels of nitric oxide (NO) and the corresponding enzyme, inducible nitric oxide synthase
(iNOS), were quantified by Griess and immunoblotting methods, respectively. The levels of cytokines were quantified
using commercial ELISA kits. Quantitative real-time PCR (qRT-PCR) analysis was performed to assess the mRNA
expression of iNOS and cytokines. To elucidate the mechanism of action, the involvement of nuclear transcription
factor-kappa B (NFκB), mitogen activated protein kinases (MAPKs) and Janus kinase-signal transducers and activators of
transcription (JAK-STAT) pathways were examined by an immunoblotting method. In addition, the cellular localization
of NFκB was analyzed by immunofluorescence staining.

Results: MTT assay results indicated that PDN-SCFE is non-toxic to RAW 264.7 cells up to a maximum assayed
concentration of 40 μg/mL. The PDN-SCFE exhibited a concentration-dependent inhibitory effect on LPS-induced NO
production by down regulating the expression of iNOS. In addition, the extract suppressed the LPS-induced expression
of interleukin-6 (IL-6) and interleukin-1β (IL-1β) but not tumour necrosis factor-α (TNFα). Mechanistic studies revealed
that PDN-SCFE does not influence the NFκB and MAPK pathways. However, it showed a significant inhibitory effect on
LPS-induced activation of STAT1 and STAT3 proteins in macrophages.

Conclusion: The present findings revealed that the anti-inflammatory activity of PDN-SCFE in LPS-challenged RAW 264.
7 macrophages is probably caused by the suppression of the JAK-STAT signaling pathway.
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Background
Inflammation is a complex host immunological defense
reaction that generally occurs in response to invading
foreign pathogens and systemic injuries. This process is
usually accompanied by the activation of acute inflam-
matory cells followed by the synthesis and secretion of
various inflammatory mediators by activated cells. The
primary function of these mediators is to destroy or
eliminate a foreign pathogen and also to restore tissue
homeostasis [1]. However, excessive and prolonged activa-
tion of inflammatory cells and production of inflammatory
mediators can promote the progression of severe tissue
damage [2]. Many abnormal disease conditions such as
atherosclerosis, arthritis, asthma, neurological disorders,
diabetes, and cancer are associated with persistently-
increased, inflammatory activity [3–7]. Thus, the suppres-
sion of chronic inflammatory reactions is an important
target for the treatment of such inflammation-related
diseases.
Among the various types of cells, macrophages are an

important component of the mammalian immune
system [8]. Macrophages are often considered to be pri-
mary, acute inflammatory cells as they provide an imme-
diate response to the inflammatory stimuli. Further, it is
well known that they largely contribute to the pathogen-
esis of inflammatory disease complications by producing
substantial amounts of pro-inflammatory mediators,
such as nitric oxide (NO), Prostaglandin E2 (PGE2),
tumour necrosis factor-α (TNFα), interleukin-6 (IL-6)
and interleukin-1β (IL-1β) [9]. Thus, macrophages are
utilized as primary target cells for the control of the
pathogenesis and complications of various inflammatory
diseases. Lipopolysaccharide (LPS), a major component
of the cell wall of gram-negative bacteria, is one of the
most effective activators of macrophages. LPS primarily
induces an inflammatory response in macrophages by
binding with the membrane surface Toll-like receptor 4
(TLR4) protein. Upon stimulation by LPS, TLR4 activates
its downstream nuclear transcription factor-kappa B
(NFκB), the mitogen activated protein kinases (MAPKs),
Janus kinase-signal transducers and activators of tran-
scription (JAK-STAT) and various other intracellular sig-
naling pathways to up-regulate the synthesis and secretion
of inflammatory factors [9–12]. Thus, LPS-stimulated
macrophages are generally utilized as an in-vitro model
system for the development of anti-inflammatory drugs.
Pine trees are the most common coniferous evergreen

trees comprised of around a hundred species worldwide.
Several existing studies have shown that pine needle
extracts possess various pharmacological properties in-
cluding anti-inflammatory effects [13–16]. For instance,
the needle extract of Pinus densiflora, one of the pre-
dominant pine species in Korea, possesses a significant
inhibitory effect on NO production in LPS and

interferon-γ-challenged microglia, resident monocyte-
lineage cells in brain tissues [17]. In the present study,
we found that the supercritical fluid extract from needle
of the same pine species suppressed the inflammatory
response by decreasing the production of NO as well as
cytokines IL-6 and IL-1β in LPS-challenged RAW 264.7
murine macrophages.

Methods
Cell line, antibodies and reagents
RAW 264.7 murine macrophage cells (KCLB No. 40071)
were obtained from the Korea Cell Line Bank, Seoul,
Korea. Dulbecco’s modified Eagle’s medium (DMEM),
antibiotics and heat-inactivated fetal bovine serum (HI-
FBS) were purchased from Life Technology (Rockville,
USA). Lipopolysaccharide (E. coli, Serotype 0111:B4),
and MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltet-
razolium Bromide) were obtained from Sigma-Aldrich
(St. Louis, MO, USA). ELISA kits for TNFα, IL-6 and
IL-1β were purchased from R&D Systems (Minneapolis,
MN, USA). Primary antibodies to iNOS, β-actin, NFκB,
and Lamin B, and Horseradish peroxidase (HRP)-conju-
gated secondary antibodies were bought from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA). P38, phospho-P38,
JNK, phospho-JNK, ERK, phospho-ERK, STAT3, phospho-
STAT3 (Tyr705), STAT1, and phospho-STAT1 (Tyr701)
antibodies were procured from Cell Signaling Technology
(Beverly, MA, USA). Goat anti-Rabbit IgG H&L (Alexa
Fluor® 488) was obtained from Abcam (Cambridge, MA).

Plant material and supercritical fluid extraction
Pinus densiflora needle was collected from the local city,
Seoul, Republic of Korea. The plant was identified and
authenticated by the corresponding author Professor
Young-Kyoon Kim. A voucher specimen (PDN-016) was
placed in the herbarium of the College of Forest Science,
Kookmin University, Korea. The system PHOS-NTECH,
5 L SC-CO2 was used to prepare supercritical fluid ex-
tract according to the manufacturer’s instructions.
Briefly, 1.0 kg of dried, minced Pinus densiflora needle
was subjected to extraction at 300 bar pressure and 60 °
C temperature, for 2 h. The flow rate of carbon dioxide
and ethanol per minute was adjusted to 140 mL and
10 mL, respectively. The pressure and temperature
within the separating vessel were maintained at 50 bar
and 25 °C, respectively. Extracts were concentrated
under reduced pressure at 40 °C, using a rotary evapor-
ator (yield, 6.2%). The stock solution of Pinus densiflora
needle supercritical fluid extract (PDN-SCFE) was pre-
pared using dimethyl sulfoxide (DMSO) at a concentra-
tion of 50 mg/mL, sterilized twice using a DMSO-Safe
Acrodisc® Syringe Filter, 0.2 μm pore size (Pall Corpor-
ation, NY, USA), and stored at −20 °C for further use.
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Cell culture
RAW 264.7 macrophage cells were cultured in DMEM
supplemented with 10% v/v HI-FBS, 100 U/mL penicil-
lin, 100 μg/mL streptomycin sulphate and 0.25 μg/mL
amphotericin B. Cells were grown at 37 °C under a
humidified atmosphere of 5% CO2.

Cell viability assay
The effect of PDN-SCFE on macrophage cell viability
was determined using the MTT assay. Briefly, cells were
seeded into 96-well plates at a density of 1 × 106 cells/
mL and then exposed to various concentrations of PDN-
SCFE for 24 h. The concentration of vehicle (DMSO) in
all groups including control was 0.08%. Subsequently,
20 μL of MTT stock solution (5 mg/mL) was added to
each well. After further incubation for 4 h at 37 °C and
5% CO2, supernatant was removed and formazan crys-
tals were dissolved in DMSO. The absorbance of the so-
lution was measured at 570 nm on a micro-plate reader.

Nitric oxide (NO) and cytokines assay
RAW 264.7 cells (1 × 106 cells/mL) were cultured in 6-
well plates and incubated for 12–16 h. After treatment
with PDN-SCFE for 2 h, followed by LPS (1 μg/mL) for
18 h, cell culture supernatants were collected and centri-
fuged at 800×g and 4 °C, for 5 min. Then, an equal volume
of cell-free supernatant was mixed with Griess reagent
and incubated for 10 min, at room temperature. The ab-
sorbance of the reaction mixture was measured at
540 nm, and NO level was determined by using sodium
nitrite as the standard. The levels of cytokines TNFα, IL-6,
and IL-1β in supernatants were measured using ELISA
kits, according to the manufacturer’s instructions [18].

Western blot analysis
Cells (1 × 106 cells/mL) were seeded into 60-mm dishes
and allowed to adhere overnight. After treatment with
PDN-SCFE and/or LPS, cells were washed twice with
ice-cold phosphate buffer saline (PBS), and whole cell ly-
sates were prepared using Cellytic M buffer (Sigma) sup-
plemented with protease and phosphatase inhibitors
(Roche). The amount of total protein in the lysates was
determined using the Bio-Rad protein assay reagent.
Lysates containing an equal amount of proteins were
electrophoresed using a 8–10% SDS-PAGE gels, and
proteins were blotted onto nitrocellulose membrane.
These membranes were blocked with either 5% w/v non-
fat milk or 5% w/v BSA for 1 h, and the target proteins
were conjugated using specific primary antibodies, over-
night at 4 °C. Further, these processed membranes were
washed with Tris-buffered saline containing 0.1% Tween
20 (TBST) and incubated with the suitable HRP-
conjugated secondary antibody for 1 h, at room
temperature. Afterwards, ECL reagent was used to

develop signals, and the results were recorded with a LI-
COR image processing system.

Immunoblotting of NFκB using automated Wes-
ProteinSimple system
Cells were pre-treated with PDN-SCFE for 2 h and then
stimulated with LPS for 30 min. To prepare nuclear frac-
tions, cells were pelleted and mixed with hypotonic buf-
fer (10 mmol/L HEPES at pH 7.9, 10 mmol/L KCl,
1.5 mmol/L MgCl2, 0.1 mmol/L EDTA, 0.5 mmol/L di-
thiothreitol, and protease and phosphatase inhibitors).
After 10 min of incubation on ice, the cell suspensions
were supplemented with NP-40 (non-ionic detergent) to
a final concentration of 0.1%. The resulting cell

Fig. 1 Effect of PDN-SCFE on RAW 264.7 murine macrophage cell
viability. Cells were treated with indicated concentrations of PDN-
SCFE for 24 h. Then, cell viability was determined by MTT assay as
described in methods. The viability of cells in the absence of extract was
taken as 100% (Control). The results are expressed by percentage of
surviving cells over control group. Data represent mean ± SD of three
separate experiments

Fig. 2 Effect of PDN-SCFE on LPS-induced nitric oxide (NO) production in
RAW 264.7 cells. Cells were pre-treated with indicated concentrations of
PDN-SCFE for 2 h, and incubated with LPS for another 18 h. The amount
of NO in cell-free supernatant was quantified by the Griess method. Data
represent mean ± SD of three separate experiments. ***P < 0.001 vs con-
trol group; #P < 0.05 and ###P < 0.001 vs LPS-stimulated group
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suspension was agitated for 15 s, and centrifuged for
1 min, at 15,000×g and 4 °C. The pellets were collected,
washed twice with hypotonic buffer without detergent,
and lysed in nuclear lysis buffer (20 mmol/L HEPES at
pH 7.9, 420 mmol/L NaCl, 1.5 mmol/L MgCl2,
1.0 mmol/L EDTA, 1.0 mmol/L dithiothreitol, and pro-
tease and phosphatase inhibitors), for 15 min, on ice.
Nuclear lysates were centrifuged for 15 min at 4 °C and
15,000×g. The supernatant (nuclear fraction) was col-
lected. The total protein concentrations of the fractions
were determined using a BCA protein assay kit (Sigma).
The levels of NFκB were determined using automated
Wes-ProteinSimple instrument according to the manu-
facturer’s protocol. In brief, 4 parts lysate (equal amount
of protein) were mixed with 1 part fluorescent master
mix containing molecular weight markers (ProteinSim-
ple) and dithiothreitol (final concentration 40 mM) and
then heated at 95 °C for 5 min. The samples, biotinyl-
ated protein ladder (ProteinSimple), and its respective
secondary conjugate (ProteinSimple), blocking reagent
(ProteinSimple), primary antibodies (NFκB or Lamin B),
HRP-conjugated secondary antibody (ProteinSimple),
chemiluminescent substrate (ProteinSimple), and wash
buffer (ProteinSimple), were loaded into the prefilled mi-
croplates containing the separation and stacking matri-
ces (ProteinSimple). After plate loading, the separation
electrophoresis and immunodetection steps took place
in the capillary system and were fully automated [19].

Fluorescent microscopy
RAW 264.7 macrophage cells were grown on poly-L-
lysine coated glass coverslips placed in 6-well plates.
After treatment with PDN-SCFE and/or LPS, cells were
fixed using 4% w/v buffered formalin for 20 min, and
then permeabilized with 0.2% v/v Triton X-100 (non-
ionic detergent) for 10 min, at room temperature. Non-
specific regions were blocked with 3% w/v BSA for
30 min, at room temperature. To assess the cellular
localization of NFκB, cells were incubated with rabbit
anti-NFκB antibody (1:500 in PBS with 1% BSA) over-
night, at 4 °C. After washing with Phosphate-buffered sa-
line containing 0.1% Tween-20 (PBST), cells were
incubated with goat anti-rabbit Alexa Fluor® 488 second-
ary antibody for 60 min, in the dark. After a final wash
with PBST, samples were mounted in anti-fade reagent,
and signals were captured using a Nikon fluorescence
microscope.

Quantitative real time-polymerase chain reaction (qRT-PCR)
Cells (1 × 106 cells/mL) were seeded into 60-mm dishes,
and allowed to adhere overnight. After desired treat-
ment, total RNA of cells was extracted using Trizol re-
agent, according to the Abcam RNA isolation protocol.
cDNA was synthesized using an iScriptTM cDNA

Synthesis kit (Bio-rad), according to the instructions
given by the manufacturer. qRT-PCR was performed
using specific primers in the customer iQTM SYBR
Green Super mix (Bio-rad) with the following condi-
tions: 95 °C for 3 min, 40 cycles of 95 °C for 15 s, and
55–60 °C for 30 s. Subsequently, a melt curve analysis
was performed to confirm the absence of non-specific
signals. The expression levels of all assayed mRNAs were
normalized with the mean Ct value of a control gene, β-
actin [18]. The PCR primers used in this study were:
iNOS, CAT GCT ACT GGA GGT GGG TG (forward),
CAT TGA TCT CCG TGA CAG CC (reverse); TNFα,
AGC ACA GAA AGC ATG ATC CG (forward), CTG
ATG AGA GGG AGG CCA TT (reverse); IL-6, GAG
GAT ACC ACT CCC AAC AGA CC (forward), AAG
TGC ATC ATC GTT GTT CAT ACA (reverse); IL-1β,
TGC AGA GTT CCC CAA CTG GTA CAT C (for-
ward), GTG CTG CCT AAT GTC CCC TTG AAT C
(reverse); and β-actin, ATC ACT ATT GGC AAC GAG

Fig. 3 Effect of PDN-SCFE on LPS-induced iNOS (a) mRNA and (b)
protein expression in RAW 264.7 cells. Cells were pre-treated with
indicated concentrations of PDN-SCFE for 2 h, followed by LPS for
6 h (mRNA expression) or 18 h (protein expression). The protein and
mRNA levels of iNOS were determined by Immuno-blot and qRT-
PCR methods, respectively. A representative blot from three separate
experiments is shown here. The graphical figures represent the
change in protein or mRNA expression normalized to actin. Data
represent mean ± SD of three separate experiments. ***P < 0.001 vs
control group; ###P < 0.001 vs LPS-stimulated group
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CG (forward), TCA GCA ATG CCT GGG TAC AT
(reverse).

Statistical analysis
All experiments were repeated three independent times
with similar trends, and data were analysed using the
Prism 7.02 software (GraphPad, San Diego, CA). The
obtained, mean ± SD values are presented in the Figs. A
One-way Analysis of Variance and Dunnet or Tukey

were used to analyse the significant difference between
the experimental groups. P-values of < 0.05, 0.01 or
0.001 were considered statistically significant.

Results
Effect of PDN-SCFE on RAW 264.7 macrophage cell viability
The MTT assay was performed to determine a non-toxic
concentration of PDN-SCFE to use in evaluating its
anti-inflammatory potential in RAW 264.7 murine

Fig. 4 Effect of PDN-SCFE on LPS-induced cytokine (a) mRNA and (b) protein expression in RAW 264.7 cells. The cells were pre-treated
with indicated concentrations of PDN-SCFE for 2 h, followed by LPS for 6 h (a, mRNA expression) or 18 h (b, protein expression) The
cell-free supernatant was subjected to quantify TNFα, IL-6 and IL-1β levels, using ELISA kits, according to manufacturer’s protocol. Total
RNA was extracted with Trizol reagent and subjected to qRT-PCR according to the manufacturer’s instructions. The graphical figures
represent the change in mRNA expression normalized to actin. Data represent mean ± SD from three separate experiments. ***P < 0.001
vs control group; ###P < 0.001 vs LPS-stimulated group; ns-non significant vs LPS-stimulated group
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macrophages. PDN-SCFE, up to a maximum concentra-
tion of 40 μg/mL, did not induce significant toxicity in
RAW 264.7 macrophage cells when compared to
vehicle-treated control cells (Fig. 1). However, we used
only 50% of this concentration for all subsequent experi-
mental assays.

PDN-SCFE inhibits LPS-induced NO production in RAW
264.7 cells
As shown in Fig. 2, when compared to the vehicle-treated
control, LPS noticeably (11.4 fold) increased the produc-
tion of NO. However, PDN-SCFE dose-dependently
(14.3% at 5 μg/mL, 66% at 10 μg/mL and 85.7% at 20 μg/
mL) reduced the NO levels in LPS-challenged murine
macrophages.

PDN-SCFE inhibits LPS-induced iNOS expression in RAW
264.7 cells
To further substantiate the inhibitory role of PDN-SCFE
on NO production in macrophages, we assessed the ef-
fect of PDN-SCFE on LPS-induced corresponding en-
zyme iNOS expression levels. LPS treatment led to an
increase in the expression of iNOS mRNA (33 fold) and

protein (25.6 fold) levels. PDN-SCFE at 20 μg/mL con-
centration inhibited 79.9% of iNOS mRNA and 76.4%
iNOS protein expression (Fig. 3).

PDN-SCFE attenuates LPS-induced production of pro-
inflammatory cytokines in RAW 264.7 cells
Next, we tested the effect of PDN-SCFE on LPS-induced
production of the major cytokines, TNFα, IL-6 and IL-
1β in RAW 264.7 macrophage cells. These cytokines
levels were assayed by ELISA and qRT-PCR methods. As
shown in Fig. 4, challenging the cells with LPS lead to
increased production of TNFα (mRNA, 20.7 fold and
protein, 21.2 fold), IL-6 (mRNA, 353 fold and protein 35
fold) and IL-1β (mRNA, 150 fold and protein, 17.9 fold)
in RAW 264.7 cells. The increased levels of IL-6 and IL-
1β cytokines were noticeably decreased both at mRNA
and protein levels in PDN-SCFE-treated cells. Treatment
with PDN-SCF at 10 μg/mL decreased levels to 35.3%
(IL-6 mRNA), 38.5% (IL-6 protein), 48.3% (IL-1β
mRNA) and 23.5% (IL-1β protein) whereas at 20 μg/mL,
the levels were decreased to 68.3% (IL-6 mRNA), 59.1%
(IL-6 protein), 69.7% (IL-1β mRNA) and 48.8% (IL-1β

Fig. 5 Effect of PDN-SCFE on the MAPK pathway in RAW 264.7 cells. Cells were pre-treated with PDN-SCFE for 2 h, followed by LPS stimulation for
30 min. Then, whole cell lysates were prepared and used to analyze the levels of phosphorylated and total p38, JNK and ERK by an immune-blotting
assay. Blots are representative of three independent experiments. The graphical figures represent the relative change in the ratio of phosphorylated to
total protein levels. ***P < 0.001 vs control group; ns-non significant vs LPS-stimulated group
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protein). However, PDN-SCFE did not alter TNFα ex-
pression, both at mRNA and protein levels.

The anti-inflammatory mechanism of PDN-SCFE
In the present study, we observed that PDN-SCFE has no
inhibitory effect on LPS-induced activation of MAPKs
such as P38, JNK and ERK (Fig. 5), as well as nuclear
translocation of NFκB in RAW 264.7 cells (Fig. 6).
Since the STAT signaling pathway is considered to be

an important regulatory pathway for iNOS, IL-6, and IL-
1β expression in macrophages [20], and as this study
demonstrated decreased levels of these inflammatory
molecules, we intended to study the effect of PDN-SCFE
on the STAT pathway. As shown in Fig. 7, phosphoryl-
ation of STAT1 and STAT3 in LPS-challenged cells was
remarkably increased, time-dependently. However, PDN-
SCFE showed significant inhibitory effect on LPS-
induced phosphorylation of these signaling molecules.
From these results, it seems reasonable to say that PDN-
SCFE may decrease the production of NO, IL-6, and IL-
1β through inhibition of STAT proteins.

Discussion
The supercritical fluid extraction method has emerged
as an alternative to the traditional process where toxic
hydrocarbon or chlorinated organic solvents are used for
extraction. In this method, non-toxic carbon dioxide
alone or in combination with ethanol is most commonly
used. This method has several advantages, which include
the simple recovery of components, the quick process
that usually does not last more than one hour, the super-
ior quality, higher yield and absence of residual solvent
left in extracts, and the inexpensive and environment-
friendly process [21]. Hence, in the present study, we
adopted this method for preparation of Pinus densiflora
needle extract.
Pinus densiflora is identified as a common pine species

found in Korea. Traditionally, it is believed that the nee-
dle extract of this plant can be used for treatment of
rheumatitis, hemorrhage and cancer. Further, existing
scientific studies have clearly demonstrated that Pinus
densiflora needle extracts possess various pharmaco-
logical properties including antioxidant, anti-mutagenic,

Fig. 6 Effect of PDN-SCFE on the NFκB pathway in RAW 264.7 cells. Cells were pre-treated with PDN-SCFE for 2 h, followed by LPS stimulation for 30 min.
a nuclear fractions were prepared and used to analyze the levels of NFκB p65 by an immune-blotting assay using the automated Wes-proteinsimple system.
Blots are representative of three independent experiments. The graphical figures represent the relative change in NFκB p65 protein levels normalized to
Lamin B. ***P < 0.001 vs control group; ns-non significant vs LPS-stimulated group. b the translocation of NFκB p65 to the nucleus was assessed by
immunofluorescence staining. Representative microscopic images are shown here
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antitumor and antibacterial effects [22–24]. The present
study revealed that Pinus densiflora needle supercritical
fluid extract inhibits the production of inflammatory
molecules, NO, IL-6 and IL-1β in LPS-stimulated mur-
ine RAW 264.7 macrophage cells.
In general, the systemic immune system tightly regulates

the production of inflammatory mediators from activated
macrophages. However, failure of this regulatory process in
various disease conditions causes inflammation that can
lead to severe tissue damage [25]. Therefore, novel thera-
peutic intervention is necessary to regulate the increased
production of inflammatory molecules in macrophages.
NO is known to play vital biological roles such as vasodila-
tion, platelet aggregation, smooth muscle cell proliferation
and migration, inflammation and apoptotic cell death [26–
29]. Generally, NO is protective at physiological level.
However, an abnormal level of this signaling molecule is
potentially toxic to tissues [30]. Thus, down-regulating the
production of NO is needed for controlling the pathogen-
esis of disease complications. LPS induces an inflammatory
response in macrophages by increasing the expression of
iNOS, the enzyme that synthesizes NO [31]. In addition to
NO, LPS-induced inflammatory responses are coordinated
by the increased production of various pro-inflammatory
cytokines such as TNFα, IL-6 and IL-1β [32]. Our experi-
mental results show that PDN-SCFE had a significant in-
hibitory effect on NO production and the corresponding

enzyme iNOS expression, as well as IL-6 and IL-1β, but
not TNFα expression in LPS-challenged RAW 264.7
macrophages.
LPS-induced increased expression of iNOS, TNFα, IL-

6 and IL-1β in macrophages are under the control of
NFκB, MAPKs, JAK-STAT and also by various inflam-
matory signaling pathways [33–35]. NFκB, is largely se-
questered and inactivated by the inhibitory protein, IκB,
in the cytoplasm. LPS activates and releases the free ac-
tive NFκB by inducing degradation of IκB via the ubiqui-
tin proteasome pathway. Consequently, this allows the
translocation of NFκB into nucleus, where it binds to
DNA and targets the expression of various inflammatory
molecules [36]. In our study, the automated western and
immunofluorescence results reveal that PDN-SCFE did
not affect the LPS-induced increased nuclear levels of
NFκB in murine macrophages. Existing reports have
clearly demonstrated that the three major subfamilies of
MAPKs such as P38, JNK and ERK are potential targets
for anti-inflammatory therapeutics owing to their in-
volvement in the regulation of the expression of pro-
inflammatory mediators, both at transcriptional and
translational levels [37, 38]. Unfortunately, PDN-SCFE
did not hamper the LPS-induced activation of these
major MAPKs in murine macrophages.
The JAK-STAT pathway comprises the principal sig-

naling target for a wide range of cytokines and

Fig. 7 Effect of PDN-SCFE on LPS-induced activation of the JAK-STAT pathway in RAW 264.7 cells. Cells were pre-treated with PDN-SCFE for 2 h,
followed by LPS stimulation for 60–240 min. Then, whole cell lystaes were prepared and used to analyze the levels of phosphorylated and non-
phosphorylated form of STAT1 and STAT3 by an immune-blotting assay. Blots are representative of three independent experiments. The graphical
figures represent the relative change in the ratio of phosphorylated to total protein levels. ***P < 0.001 vs control group; ###P < 0.001 vs LPS-
stimulated group; ##P < 0.01 vs LPS-stimulated group; ns-non significant vs LPS-stimulated group
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growth factors as well as lipopolysaccharides [39]. At
first, LPS stimulates the phosphorylation and activa-
tion of JAK proteins which subsequently activates its
major substrates, STAT proteins in macrophages [11].
Once activated, STATs can enter the nucleus where
they bind to specific regulatory sequences in DNA ei-
ther to activate or repress the expression of various
target genes including pro-inflammatory genes [40].
Studies have reported that among the seven members
of STAT proteins, STAT1 is crucial for iNOS, and
STAT3 for IL-6 and IL-1β expressions in response to
LPS, in macrophages [41, 42]. Further, Guo et al.
(2014) have demonstrated that cyclovirobuxinum D,
an alkaloid from the Chinese medicinal plant Buxus
microphylla reduces iNOS, IL-6 and IL-1β via inhibit-
ing STAT1 and STAT3 activation in LPS-stimulated
RAW 264.7 cells [20]. Since PDN-SCFE significantly
reduced the LPS-induced iNOS, IL-6 and IL-1β, we
investigated the effect of PDN-SCFE on STAT1 and
STAT3 activation. Our results provide evidence that
PDN-SCFE has significant suppressive effects on the
activation of STAT1 and STAT3 in LPS-challenged
RAW 264.7 macrophages.

Conclusion
The results of this study revealed that Pinus densiflora nee-
dle supercritical fluid extract has a significant inhibitory ef-
fect on LPS-induced expression of pro-inflammatory
mediators, iNOS, IL-6 and IL-1β in RAW264.7 macrophage
cells. Further, the extract-induced, inhibitory effect on the
phosphorylation-mediated activation of STAT1 and STAT3
may be responsible for the decreased expression of these
pro-inflammatory mediators. Further studies are warranted
to identify the active principles in this pine needle supercrit-
ical fluid extract responsible for its anti-inflammatory activ-
ity in murine macrophages.
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fetal bovine serum; HRP: Horseradish peroxidase; IL-1β: Interleukin-1β; IL-
6: Interleukin-6; iNOS: Inducible nitric oxide synthase; IκB: Inhibitory kappa B
protein; JAK-STAT: Janus kinase-signal transducers and activators of transcrip-
tion; JNK: c-Jun N-terminal kinase; KCl: Potassium chloride; KCLB: Korean Cell
Line Bank; LPS: lipopolysaccharide; MAPKs: Mitogen-activated protein kinases;
MgCl2: Magnesium chloride; mRNA: messenger RNA; MTT: (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide); NaCl: Sodium
chloride; NFκB: Nuclear transcription factor kappa B; NO: Nitric oxide;
P38: P38 Mitogen-activated protein kinase; PBST: Phosphate-buffered saline
with detergent Tween 20; PDN-SCFE: Pinus densiflora needle supercritical
fluid extract; PGE2: Prostaglandin E2; qRT-PCR: Quantitative
real-time polymerase chain reaction; RNA: Ribonucleic acid; SDS-
PAGE: Sodium dodecyl sulfate-polyacrylamide electrophoresis; STAT1: Signal
transducers and activators of transcription factor 1; STAT3: Signal transducers

and activators of transcription factor 3; TBST: Tris-buffered saline with
detergent Tween 20; TLR4: Toll-like receptor 4; TNFα: Tumor necrosis factor α
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