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Introduction

     The immune system is a necessary physiological 

element of living organisms and it is well established that a 

normal immune response plays a crucial role in protecting 

the human body from various diseases caused by 

pathogenic microorganisms.1,2)

     Immunity is classified into innate and adaptive 

immunity. Among them, innate immunity is considered a 

non-specific response, whereas adaptive immunity induces 

an antigen-specific immune response. Generally, innate 

immunity includes immune cells such as macrophages, 

dendritic cells, and natural killer (NK) cells, etc.3)

Macrophages, among the immune cells related to immunity 

enhancement, play the first role in defense against infection 

with pathogenic microorganisms and are known to affect 

innate and adaptive immunity.4) Macrophages have also 

been reported to affect adaptive immunity by secreting 

immunomodulators such as interleukins (ILs), tumor 

necrosis factors (TNFs), and interferons (IFNs), and 

producing many mediators such as inducible nitric oxide 

synthase (iNOS), nitric oxide (NO), cyclooxygenase-2 

(COX-2), and prostaglandin E2 (PGE2).
5,6) These 

immunomodulators secreted by macrophages play an 

important role in removing dead cells and harmful factors 

through phagocytosis induction.7)

     The synthesis of these immunomodulators is primarily 

caused by activation of the mitogen-activated protein kinase 

(MAPK) and nuclear factor-κB (NF-κB) pathways.5) The 

MAPK pathway, composed of extracellular signal regulated 

kinase (ERK), c-jun N-terminal kinase (JNK), and p38, 

responds to extra- and intra-cellular stimuli and regulates 

immune responses, including pro-inflammatory cytokine 

production, cell proliferation, and differentiation, etc.8,9) The 

NF-κB pathway is one of the most considered pathways in 

inflammatory responses and modulates the immune 

response by regulating gene expression in relation to 

inflammatory and immune responses.10) NF-κB exists in the 

cytoplasm in an inactive form and is bound to the protein 

inhibitor kappa B (IκB). Upon cell stimulation, IκBα is 

phosphorylated and degraded by IκB kinase (IKK), followed 

by the release of NF-κB which is translocated to the 

nucleus and binds to the κB-binding site in the promoter 

region of the target genes and induces the transcription of 
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inflammatory mediators.11,12)

     Echinacea purpurea (L.) Moench, also known as purple 

coneflower, is an herbaceous perennial plant belonging to 

the Asteraceae family, which has a long history and is 

well-established in the traditional medicine used in North 

America, Europe, and Australia.13,14) Echinacea purpurea

(EP) extracts have been traditionally used to treat the 

common cold, bronchitis, coughs, and inflammation of the 

pharynx and mouth.15) It has been demonstrated that EP 

extracts exert various biological effects, such as antioxidant, 

antibacterial, and anti-inflammatory activities.16-18) In a 

previous study, EP extracts especially demonstrated 

immunomodulatory effects in a cyclophosphamide-induced 

immunosuppression mouse model.19) However, the 

underlying molecular mechanisms are not well understood. 

Therefore, the present study aimed to demonstrate the 

immune-enhancing effects and the underlying molecular 

mechanisms of EP extracts in RAW264.7 cells.

Materials and Methods

1. Sample preparation

     Echinacea purpurea (L.) Moench aerial parts were 

extracted using 60% ethanol (EtOH) at a temperature of 50 

℃. The resulting solution was then concentrated and dried 

to obtain Echinacea purpurea (EP) extracts. The yield of EP 

extracts under these conditions was approximately 36%. 

HPLC analysis of EP extracts was carried out on a 

Shimadzu LC-20AD system (Shimadzu, Kyoto, Japan). The 

HPLC mobile phase consisted of 0.1% phosphoric acid in 

water (solvent A) and acetonitrile (solvent B) at 1.5 mL/min 

flow through Waters Sunfire C18 column (4.6 × 250 mm, 5 

μm). The column temperature was kept at 35 ℃, the UV 

detection wavelength was 330 nm, and the injection amount 

was 10 μL. The finished formulation was standardized to 

approximately 2% using chicoric acid and more than 4% 

using total polyphenols19), obtained from Evear Extraction 

(Féline, France). The EP extracts were then dissolved in 

dimethyl sulfoxide (DMSO) for in vitro studies. 

2. Chemicals and reagents

     Mouse RAW264.7 cells were provided by the American 

Type Culture Collection (ATCC; Rockville, MD, USA). 

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine 

serum (FBS), and penicillin-streptomycin were provided by 

Gibco BRL (Grand Island, NY, USA). Lipopolysaccharide 

(LPS; Escherichia coli O111:B4) was provided by 

Sigma-Aldrich Co (St. Louis, MO, USA). DMSO was obtained 

from Wako Pure Chemical Industries Ltd. (Osaka, Japan). 

Nitric oxide synthase (iNOS) was obtained from Invitrogen 

Life Technologies (Carlsbad, CA, USA). Cyclooxygenase-2 

(COX-2), p-extracellular signal-regulated kinase (p-ERK), 

ERK, p-c-Jun N-terminal protein kinase (p-JNK), JNK, p-p38 

mitogen-activated protein kinase (MAPK), p38 MAPK, toll-like 

receptor 4 (TLR4), tumor necrosis factor 

receptor-associated factor 6 (TRAF6), p-transforming growth 

factor‑activated kinase 1 (p-TAK1), TAK1, p-inhibitor kappa 

B (IκB) kinase α/β (p-IKKα/β), IKKα, p-IκBα, IκBα, p-nuclear 

factor-κB (p-NF-κB) p65, NF-κB p65, and β-actin were 

purchased from Cell Signaling Technology, Inc. (Danvers, 

MA, USA). Microsomal prostaglandin E synthase-1 

(mPGES-1), interleukin-6 (IL-6), IL-1β, interferon-γ (IFN-γ), 

and tumor necrosis factor-α (TNF-α) were purchased from 

Abcam (Cambridge, UK). IL-2 and IL-10 were purchased 

from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 

HRP-conjugated goat anti-rabbit and goat anti-mouse 

antibodies were purchased from GenDEPOT (Barker, TX, USA). 

3. Cell culture

     RAW264.7 cells were maintained in DMEM 

supplemented with 10% FBS, 100 units/mL penicillin, and 

100 μg/mL streptomycin and cultured at 37 ℃ in a 5% CO2 

humidified atmosphere.

4. Cell viability assay

     Cell viability was assessed by the 3-[4, 

5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide 

(MTT) assay. RAW264.7 cells were treated with EP extracts 

at concentrations of 12.5, 25, 50, or 100 μg/mL for 24 h. 

MTT solution (5 mg/mL) was added to each well, and the 

cells were incubated for 3 h at 37 ℃. The supernatants 

were removed from each well, and formazan crystals were 

resolved with DMSO. Cell viability was determined from 

absorbance readings obtained using a microplate reader 

(Tecan, Männedorf, Switzerland) at a wavelength of 570 nm.

5. Measurement of nitric oxide (NO) production

     NO concentrations in cell culture supernatants were 

measured using Griess reagent according to the 

manufacturer’s instructions (Promega, Madison, WI, USA). 

RAW264.7 cells were treated with EP extracts (12.5, 25, 50, 

or 100 μg/mL) or LPS (100 ng/mL) for 24 h, then the cell 

culture supernatants were harvested and briefly centrifuged. 

Next, 50 μL of the cell culture supernatants were mixed 

with 100 μL of Griess reagent and reacted for 10 min at 

room temperature in the dark. Absorbance was determined 
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using a microplate reader at a wavelength of 520 nm.

6. Cell morphology observation 

     RAW264.7 cells were treated with various 

concentrations of EP extracts (12.5, 25, 50, or 100 μg/mL) 

or LPS (100 ng/mL) for 24 h. The morphology of the 

RAW264.7 cells was observed using an ECLIPSE Ts2 

microscope (Nikon Corporation, Tokyo, Japan)

7. Phagocytosis assay

     The phagocytosis activity of RAW264.7 cells was 

evaluated using a neutral red uptake method. The cells 

were treated with EP extracts at concentrations of 12.5, 25, 

50, or 100 μg/mL, or with LPS at a concentrations of 100 

ng/mL. After 24 h of incubation, the culture medium was 

removed, and the cells were washed with 1 × 

phosphate-buffered saline (PBS). Neutral red solution 

(0.075%; Sigma-Aldrich, St. Louis, MO, USA) was added to 

each well, and the plate was incubated at room temperature 

for 2 h. Subsequently, the cells were washed five times with 

PBS to remove excess dye and dried. Cell images were 

captured using an ECLIPSE Ts2 microscope (Nikon Instech, 

Tokyo, Japan). Following this, a lysis solution [50% 

EtOH:glacial acetic acid (1:1)] was added to each well. After 

2 h of lysis, the absorbance was measured at 540 nm using 

a microplate reader (Tecan, Mannedorf, Switzerland).

8. Protein extraction and western blot analysis

     RAW264.7 cells were lysed with CelLytic buffer 

(Sigma-Aldrich, MO, USA). The cell lysate was centrifuged 

at 13,000 rpm for 15 min at 4 ℃. Cell supernatants were 

collected and the protein concentration was measured using 

the Bradford assay (Bio-Rad Laboratories, Hercules, CA, 

USA). These measurements were then used to quantify the 

cell supernatants to ensure that each sample contained the 

same protein concentration in the same volume. Protein 

was electrophoresed using SDS-PAGE and transferred onto 

membranes (Millipore Corp., Bedford, MA, USA). For 

blocking, the membranes were kept for 1 h at 23 ℃ and 

then reacted with the primary antibodies (1:1000) overnight 

at 4 ℃. The incubated membranes were washed and further 

reacted with secondary antibodies (1:10000) at 23 ℃ for 1 

h. The intensity of each band, detected using ECL solution 

(GenDEPOT, Barker, TX, USA), was measured with a 

LuminoGraph (Atto, Tokyo, Japan). β-actin was used as a 

control for normalization. Bands on the membranes were 

quantified using the ImageJ program (developed at the NIH).

9. Statistical analysis

     All data are presented as the mean ± standard 

deviation. Groups were compared using the Student’s t-test 

and one-way analysis of variance, as applicable. Statistical 

analyses were performed using Origin 7 software (Microcal 

Software, Northampton, MA, USA). P < 0.05 and P < 0.01 

were considered to be statistically significant.

Results

1. Composition of Echinacea purpurea extracts

     The marker compound within Echinacea purpurea (EP) 

extracts was identified by high-performance liquid 

chromatography (HPLC) analysis. As a result of quantitative 

analysis, the content of chicoric acid approximately 2% in 

EP extracts was confirmed (Fig. 1). In addition, we 

confirmed that the total polyphenols content was more than 

4% (data not shown). Optimized EP extracts was utilized for 

the following in vitro study.

Fig. 1. Composition of Echinacea purpurea (EP) extracts. 

High-performance liquid chromatography (HPLC) chromatogram of chicoric 

acid and EP extracts. HPLC chromatogram of (A) Chicoric acid (standard) 

and (B) EP extracts. The arrow indicates the peak for chicoric acid.

2. Effects of Echinacea purpurea extracts on RAW264.7 cell 

viability

     To confirm the cytotoxicity effects of EP extracts on 

RAW264.7 cells, the cells were exposed to various 

concentrations of EP extracts (12.5, 25, 50, or 100 μg/mL) 

for 24 h. As shown in Fig. 2A, EP extracts were not 

cytotoxic up to 100 μg/mL. Therefore, 12.5, 25, 50, or 100 μ

g/mL concentrations of EP extracts were selected for 

subsequent in vitro experiments.

3. Effects of Echinacea purpurea extracts on NO production 

in RAW264.7 cells

     The study examined whether EP extracts could 

increase NO production. When RAW264.7 cells were treated 

with EP extracts at 12.5, 25, 50, or 100 μg/mL, NO 

production was significantly increased by 13.37% and 

70.33%, at concentrations of 50 μg/mL and 100 μg/mL, 
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respectively (Fig. 2B).

Fig. 2. Effects of Echinacea purpurea extracts on cell viability and NO 

production in RAW264.7 cells. (A) RAW264.7 cells were treated with 

various concentrations of EP extracts (12.5, 25, 50, or 100 μg/mL) for 24 h. 

Cell viability was evaluated using the MTT assay. (B) RAW264.7 cells were 

stimulated with EP extracts (12.5, 25, 50, or 100 μg/mL) or LPS (100 

ng/mL) for 24 h. NO production levels in the culture supernatants were 

measured using Griess reagent. The data presented are the mean ± 

standard deviation of three independent experiments and differences 

between the mean values. #P < 0.05, ##P < 0.01 vs. control group.

4. Effects of Echinacea purpurea extracts on RAW264.7 cell 

morphology

     Macrophage like cells usually exhibit three major 

morphologies: 1) rounded, 2) elongated, and 3) highly 

branched extensions.20) In the study results, the RAW264.7 

cells in the control group had a round or oval-like normal 

morphology. However, the morphology of RAW264.7 cells 

was altered after treatment with EP extracts or LPS, as 

seen in the larger volume and presence of branches around 

the cells. Especially, at the concentration of 100 μg/mL, 

RAW264.7 cells exhibited hypertrophic cell bodies with 

ramified branches, and the number of branches increased 

markedly (Fig. 3A). This morphology could increase the 

contact area with outer substances and be helpful in 

phagocytic uptake.

5. Effects of Echinacea purpurea extracts on phagocytic 

activity in RAW264.7 cells

     The phagocytic activity of macrophages was evaluated 

by the neutral red uptake method. When RAW264.7 cells 

were treated with EP extracts at 12.5, 25, 50, or 100 μg/mL, 

phagocytic activity was significantly increased by 28.36% 

and 36.13%, at a concentration of 50 μg/mL and 100 μ

g/mL, respectively (Fig. 3B). This indicated that EP extracts 

could activate RAW264.7 cells and enhance their phagocytic 

activity.

Fig. 3. Effects of Echinacea purpurea extracts on cell morphology and 

phagocytic activity in RAW264.7 cells. RAW264.7 cells were stimulated 

with EP extracts (12.5, 25, 50, or 100 μg/mL) or LPS (100 ng/mL) for 24 h. 

(A) Effects of EP extracts on cell morphology in RAW264.7 cells. (B) Effects 

of EP extracts on phagocytic activity in RAW264.7 cells. The data presented 

are the mean ± standard deviation of three independent experiments and 

differences between the mean values. #P < 0.05, ##P < 0.01 vs. control 

group.

6. Effects of Echinacea purpurea extracts on inflammatory 

cytokines in RAW264.7 cells

     iNOS plays a critical role in the synthesis of NO. 

Cyclooxygenase-2 (COX-2) and microsomal prostaglandin E 

synthase-1 (mPGES-1) is associated with the conversion of 

arachidonic acid to prostaglandin E2 (PGE2).
21) Thus, this 

study investigated whether the EP extracts influenced the 

expression of iNOS, COX-2, and mPGES-1 in RAW264.7 

cells. Treatment with EP extracts increased the expression 

of iNOS (33.40–51.48%), COX-2 (182.88–696.64%), and 

mPGES-1 (96.60–123.44%) in RAW264.7 cells (Fig. 4). 

     Activated macrophages can generate various cytokines 

to fight against pathogens. These cytokines play an 

important role in regulating innate immunity and adaptive 

immunity, and can be classified into interleukins (ILs), 

tumor necrosis factors (TNFs), and interferons (IFNs).22)

Therefore, cytokines were confirmed as indicators of the 

immunomodulatory effect of EP extracts, and their 

expression levels were measured. The results showed that 

EP extracts increased IL-2 (93.28–323.88%), IL-6 (145.39–

449.17%), IL-10 (76.85–236.63%), IL-1β (149.93–415.93%), 

IFN-γ (84.93–127.61%), and TNF-α (48.11–225.02%) protein 
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expression in RAW264.7 cells (Fig. 4). These results 

demonstrated that EP extracts could activate RAW264.7 cells 

and exhibit immunomodulatory activity by stimulating the 

expression of cytokines.

Fig. 4. Effects of Echinacea purpurea extracts on inflammatory 

cytokines in RAW264.7 cells. RAW264.7 cells were treated with EP 

extracts (12.5, 25, 50, or 100 μg/mL) or LPS (100 ng/mL) for 24 h. Protein 

expression was analyzed by western blot using specific antibodies. β-actin 

was used as controls. The data presented are the mean ± standard 

deviation of three independent experiments and differences between the 

mean values. #P < 0.05, ##P < 0.01 vs. control group

7. Effects of Echinacea purpurea extracts on the MAPK and 

NF-κB pathways in RAW264.7 cells

     The mitogen-activated protein kinase (MAPK) cascade 

and nuclear factor-κB (NF-κB) are two important signaling 

pathways related to the innate immune response.2,23) MAPKs 

can regulate cellular components of the immune system 

through modulating transcription factors. through the 

modulation of transcription factors, and they consist of the 

extracellular signal regulated kinase (ERK), c-jun N-terminal 

kinase (JNK), and p38.24) This study thus investigated the 

effects of EP extracts on MAPKs phosphorylation by western 

blot. The results showed that EP extracts increased 

phosphorylation of ERK (11.27–26.02%), JNK (203.05–336.65%), 

and p38 (343.71–678.79%) in RAW264.7 cells (Fig. 5A). 

     NF-κB is inactive and retained in the cytoplasm by 

specific inhibitor IκBα, and IKKα/β is an important 

regulatory protein for the phosphorylation of IκB. When IKK

α/β is activated, phosphorylation of IKK leads to the 

phosphorylation and degradation of IκBα. NF-κB is then 

released, translocated to the nucleus, and phosphorylated 

by nuclear kinases to induce transcription of 

immune-related genes.25) To confirm whether the NF-κB 

pathway also participates in macrophage activation by EP 

extracts, phosphorylation of key proteins was investigated. 

The results showed that EP extracts significantly 

upregulated phosphorylation of IKKα/β, IκBα, and NF-κB 

p65 in the range of 61.44–911.86%, 394.36–2453.27%, and 

17.52–60.07%, respectively (Fig. 5B).

Fig. 5. Effects of Echinacea purpurea extracts on the MAPK and NF-κB 

pathway in RAW264.7 cells. RAW264.7 cells were treated with EP extracts 

(12.5, 25, 50, or 100 μg/mL) or LPS (100 ng/mL) for 24 h. Protein 

expression was analyzed by western blot using specific antibodies. (A) 

Effects of EP extracts on the MAPK pathway in RAW264.7 cells. ERK, JNK, 

or p38 were used as controls. (B) Effects of EP extracts on the NF-κB 

pathway in RAW264.7 cells. IKK, IκBα, or NF-κB p65 were used as controls. 

The data presented are the mean ± standard deviation of three 

independent experiments and differences between mean values. #P < 0.05, 

##P < 0.01 vs. control group.

8. Effects of Echinacea purpurea extracts on the TLR4 

pathway in RAW264.7 cells

     To understand the mechanism through which the EP 

extracts-mediated inflammatory response is upregulated, the 

expression of TLR4 in RAW264.7 cells treated with EP 

extracts was investigated using western blots. The 
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expression of TLR4, TRAF6, and the phosphorylation of 

TAK1 in RAW264.7 cells was significantly increased by EP 

extracts in the range of 83.24–212.94%, 52.55–419.16%, and 

28.32–66.53%, respectively (Fig. 6). 

     These results suggest that EP extracts treatment could 

activate the immune response in RAW264.7 cells via the 

TLR4-TRAF6-TAK1-MAPK/NF-κB pathway.

Fig. 6. Effects of Echinacea purpurea extracts on the TLR4 pathway in 

RAW264.7 cells. RAW264.7 cells were stimulated with EP extracts (12.5, 

25, 50, or 100 μg/mL) or LPS (100 ng/mL) for 24 h. Protein expression was 

analyzed by western blot using specific antibodies. TAK1 or β-actin were 

used as controls. The data presented are the mean ± standard deviation 

of three independent experiments and differences between the mean 

values. #P < 0.05, ##P < 0.01 vs. control group

Discussion

     The innate immune system is the body’s first line of 

defense and a protection system that plays a critical role in 

destroying foreign substances and pathogens that invade 

the body. Numerous immune cells, such as macrophages 

and NK cells, play critical roles in the innate immune 

system. These cells play an essential role in immune 

enhancement and the inflammatory response and 

macrophages in particular are known to play an important 

role in the host immune system through phagocytosis.26)

     Echinacea purpurea (L.) Moench is widely used as an 

herbal medicine in North America, Europe, and 

Australia.13,14,27) Echinacea purpurea (EP) is used as a 

medicinal preparation by most American Indians for the 

treatment of many diseases, such as toothaches, headaches, 

wound infections, fever, colds, etc.28) It also has been 

reported that EP extracts exert various biological functions, 

such as antioxidant, antibacterial, anti-inflammatory 

activities, and immunoenhancing effects.16-19,29) Especially, 

common symptoms of upper respiratory infections, such as 

sore throat, cough, and inflammation, are often caused by 

bacteria, sometimes as a complication of virus infection. 

Echinacea exerts a dual action against several important 

respiratory bacteria: a killing effect and an anti-infl

ammatory effect.30) These reports support the concept of 

using an Echinacea to control symptoms associated with 

bacterial respiratory infections. However, despite its long 

history of use for health-promoting and therapeutic effects, 

there are very few laboratory studies on the mechanism of 

its actions.

     Macrophages are known to perform biological functions 

such as regulating inflammation and enhancing immunity.31)

In terms of immune-enhancement, activation of 

macrophages produces various immunomodulators such as 

inducible nitric oxide synthase (iNOS), nitric oxide (NO), 

cyclooxygenase-2 (COX-2), microsomal prostaglandin E 

synthase-1 (mPGES-1), interleukins (ILs), tumor necrosis 

factors (TNFs), and interferons (IFNs) to attack foreign 

compounds in the body.5,6,32,33) Therefore, these 

immunomodulators, produced by activated macrophages, 

play a crucial role against noxious factors in the host 

defense system.34) However, no studies exist on the 

immune-enhancing activity and mechanism of action of EP 

extracts in RAW264.7 cells. Therefore, this study aimed to 

identify the immune-enhancing activity and mechanisms of 

action of EP extracts using RAW264.7 cells. 

     Among the immunomodulators, NO is a key 

biomolecule that is synthesized by iNOS to defend against 

infection and inhibit pathogen growth.35) In addition, COX-2 

and mPGES-1 promote the production of prostaglandin E2

(PGE2) and play a role in activating the immune response in 

stimulated cells.36) Furthermore, inflammatory cytokines 

such as IL-2, IL-6, IL-10, IL-1β, IFN-γ, and TNF-α are 

known to be involved in the destruction of pathogens and 

the immune response.37) This study demonstrated that EP 

extracts increase the production of NO and the expression 

of immunomodulators such as iNOS, COX-2, mPGES-1, IL-2, 

IL-6, IL-10, IL-1β, IFN-γ, and TNF-α and promote 

phagocytosis activity in RAW264.7 cells. The results show 

that EP extracts can induce immune-enhancing activity 

through macrophage activation.

     Mitogen-activated protein kinase (MAPK) and nuclear 

factor-κB (NF-κB) pathways are representative signaling 

mechanisms related to the production of immunomodulators 

through the activation of macrophages.38) The MAPK 

pathway regulates immune responses, such as 

pro-inflammatory cytokine production, cell proliferation, and 

differentiation etc.8,9) The NF-κB pathway also stimulates the 
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production of many cytokines and has been implicated in 

the regulation of the innate and adaptive immune 

responses.39) This study confirmed that EP extracts 

significantly stimulate the phosphorylation of MAPKs, such 

as extracellular signal regulated kinase (ERK), c-jun 

N-terminal kinase (JNK), and p38 in RAW264.7 cells. 

Furthermore, the study identified that EP extracts effectively 

induced the phosphorylation of IκB kinase α/β (IKKα/β), 

inhibitor kappa B (IκBα), and NF-κB p65. These results 

suggest that EP extracts increased the activation of the 

MAPK and NF-κB pathways and consequently induced the 

production of immunomodulators.

     Macrophages possess a variety of toll-like receptors 

(TLRs) on the cell membrane that recognize external 

noxious factors and activate intracellular signaling 

pathways.40) In particular, TLR4 is a protein family that 

plays an important role in the immune system, and the 

TLR-mediated signaling pathway activates the MAPK and 

NF-κB pathways to produce immunomodulators.41-46) The 

TLR4 pathway induces downstream activation of tumor 

necrosis factor receptor-associated factor 6 (TRAF6), to 

form a complex composed of transforming growth 

factor‑activated kinase 1 (TAK1) and TAB proteins, which 

activates TAK1 by autophosphorylation. TAK1 is also a key 

upstream factor for the MAPK and NF-κB pathways.47-49) The 

study results proved that activation of the 

TLR4/TRAF6/TAK1 pathway was involved in the immune 

responses of RAW264.7 cells and induced by EP extracts.

     The proposed mechanism is summarized; EP 

extracts-induced activation of NO production, phagocytosis 

activity, and proinflammatory cytokine expression via 

TLR4-TRAF6-TAK1-NF-κB/MAPK, which may act as one 

mechanism involved in immune responses (Fig. 7).

     This study demonstrated the immune-enhancing effects 

of EP extracts in RAW264.7 cells. EP extracts induced 

macrophage activation through TLR4-associated activation 

of the MAPK and NF-κB pathways in RAW264.7 cells. These 

activations led to a significant increase in NO production, 

phagocytosis activity, and proinflammatory cytokine 

expression in RAW264.7 cells treated with EP extracts 

compared with the control group. The novelty of this study 

lies in the evaluation of the immune-enhancing effects 

induced by treatment with EP extracts in RAW264.7 cells. 

Particularly, noteworthy is the fact that this is the first 

report to provide further insight into the mechanism of 

action underlying the immune-enhancing effect of EP 

extracts in RAW264.7 cells. However, further studies are 

warranted to elucidate the immune-enhancing effect of EP 

extracts in various immune cell types, including natural 

killer cells, dendritic cells, T cells, and B cells etc. These 

additional studies in immune cells will provide direct 

evidence of the immune-enhancing effect of EP extracts. 

Collectively, EP extracts exerted immune-enhancing effects, 

suggesting their potential as an immunostimulatory agent or 

functional food.

Fig. 7. Road map of the immune-enhancing function of Echinacea 

purpurea extracts via the TLR4-mediated pathway.
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