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Abstract. It has been demonstrated that the combination of three 
botanical factors of (+)‑catechin, baicalin and β‑caryophyllene, 
which exhibit anti‑inflammatory effects, with comparatively 
lower concentrations of each factor, demonstrating a potent 
synergistic‑suppressive effect on the growth of mouse 
macrophage RAW264.7 cells in vitro, and suggesting it may 
function as a pharmacologic tool for managing inflammatory 
diseases. The present study was undertaken to determine the 
suppressive effects of (+)‑catechin, baicalin or β‑caryophyllene 
on the production of inflammatory cytokines, including TNF‑α, 
IL‑6 and IL‑1β, which was enhanced by lipopolysaccharide 
(LPS) in RAW264.7 cells in vitro. The cells were cultured 
for 3 days without botanical factors, followed by incubation 
for 5 h in the presence of either vehicle, (+)‑catechin [1 µg/ml 
(3.45 µM)], baicalin [1 µg/ml (2.24 µM)], or β‑caryophyllene 
[1 µg/ml (5 µM)] with or without LPS (100 ng/ml); this did 
not have significant effects on the number of RAW264.7 cells. 
The production of TNF‑α, IL‑6 and IL‑1β was not altered 
by the addition of (+)‑catechin, baicalin, β‑caryophyllene, or 
the three combined factors in RAW264.7 cells without LPS. 
LPS treatment caused a marked production of TNF‑α, IL‑6, 
and IL‑1β. This enhancement was suppressed by the addition 
of (+)‑catechin, baicalin or β‑caryophyllene. Of note, the 
production of these cytokines was additively suppressed by 
the combination of the three factors in macrophages. Thus, 
the combination of (+)‑catechin, baicalin and β‑caryophyllene 
was found to reveal a potent suppressive effect on cytokine 

production in macrophages in vitro. This composition may be a 
useful tool as a potent anti‑inflammatory agent.

Introduction

Inflammation is a complex biological response of body 
tissues to harmful stimuli, such as pathogens, damaged 
cells or irritants; it is a protective response, involving 
immune cells, blood vessels, and molecular mediators  (1). 
Inflammation may be cause of various diseases  (1). The 
factors involved in the anti-inflammatory effect may play 
a therapeutic role for diseases implicated in inflammation. 
Anti‑inflammatory effects have reportedly been exhibited by 
botanical factors, including catechin (2,3), baicalin (4,5), and 
β‑caryophyllene (6,7). β‑Caryophyllene, a sesquiterpene, is a 
natural dietary ingredient found in many edible plants, which 
can be ingested daily as an essential oil and is approved as a 
food additive by the Food and Drug Administration (FDA). 
Interestingly, β‑caryophyllene is known to be a selective agonist 
of cannabinoid receptor type‑2 and to exert cannabimimetic 
anti‑inflammatory and analgesic effects in animals  (8,9) 
for both acute and chronic pain with inflammation (10‑14). 
However, the mechanism by which β‑caryophyllene exhibits 
anti‑inflammatory effects is poorly understood. Previously, we 
investigated whether β‑caryophyllene interacted with various 
botanical molecules, which revealed anti‑inflammatory 
effects in mouse macrophages RAW264.7 cells in vitro (15). 
It was found that the combination of (+)‑catechin, baicalin 
and β-caryophyllene with concentrations, which did not 
independently exhibit a significant effect on RAW264.7 cells, 
showed a synergistic‑suppressive effect on the proliferation 
and a synergistic‑stimulatory effect on the death of RAW267.4 
cells in  vitro  (15), supporting the view that these three 
factors in combination could potentially eliminate activated 
macrophages. This may serve as a usefulness therapeutic tool  
against inflammation.

RAW264.7 cells are a murine macrophage that produces 
various inflammatory cytokines including TNF‑α, IL‑6 
and IL‑1β (16). The present study was undertaken to inves-
tigate the suppressive effects of (+)‑catechin, baicalin and 
β‑caryophyllene, which does not have significant effects on 
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cell number, on the production of inflammatory cytokines, 
including TNF‑α, IL‑6 and IL‑1β, which is enhanced by the 
treatment with lipopolysaccharide (LPS) in mouse macro-
phage RAW264.7 cells in vitro. The productions of TNF‑α, 
IL‑6 and IL‑1β was not altered by the addition of (+)‑catechin, 
baicalin, β‑caryophyllene or  by the three combined factors 
in RAW264.7 cells cultured without LPS. The treatment with 
LPS caused a remarkable production of TNF‑α, IL‑6 and 
IL‑1β. This enhancement was suppressed by the addition of 
(+)‑catechin, baicalin or β‑caryophyllene. Interestingly, the 
production of these cytokines was suppressed in RAW264.7 
cells by the combination of all three factors. Thus, the combi-
nation of (+)‑catechin, baicalin and β‑caryophyllene was found 
to have a potent‑suppressive effect on macrophages in vitro. 
This composition may be a useful tool as anti‑inflammatory 
agent.

Materials and methods

Materials. Dulbecco's modification of Eagle's medium 
(DMEM) with 4.5  g/l glucose, L‑glutamine and sodium 
pyruvate and antibiotics (penicillin and streptomycin) were 
purchased from Corning (Mediatech, Inc., Manassas, VA, 
USA). Fetal bovine serum (FBS) was from Hyclone (Logan, 
UT, USA). (+)‑catechin, baicalin, and β‑caryophyllene were 
obtained from Cayman Chemical (Ann Arbor, MI, USA). 
These reagents were dissolved in dimethylsulfoxide (DMSO) 
and stored in the dark at ‑20˚C until use experiment. All other 
reagents were purchased from Sigma‑Aldrich (St. Louis, MO, 
USA) unless otherwise specified. We used the following doses: 
(+)‑Catechin [1µg/ml (3.45 µM) of medium], baicalin [1 µg/ml 
(2.24 µM)], and β‑caryophyllene [1 µg/ml (5 µM)]. At these 
doses, the combinations exhibited a synergistic effect on the 
number of RAW264.7 cells with culture for 3 days (15).

RAW264.7 cells. Mouse RAW264.7 cells (murine macrophage) 
were obtained from the American Type Culture Collection 
(Rockville, MD, USA) (17,18). RAW264.7 cells were cultured 
in DMEM containing 10% FBS and 1% P/S.

Assay of cell proliferation. To determine the effect of various 
factors on cell growth, RAW264.7 cells (1x105/ml per well) 
were cultured in a water‑saturated atmosphere containing 
5% CO2 and 95% air at 37˚C using a 24‑well plate  (8,19). 
Cells were cultured in DMEM containing 10%  FBS and 
1% P/S in the presence of either vehicle (1% DMSO as a final 
concentration), (+)‑catechin (1 µg/ml), baicalin (1 µg/ml), or 
β‑caryophyllene (1 µg/ml) for 3 days upon reaching confluency. 
To determine the increase in cell number, RAW264.7 cells, 
which were attached on each dish, were then detached from 
each culture dish by adding a sterile solution (0.1 ml per well) 
of 0.05% trypsin plus EDTA in Ca2+/Mg2+‑free PBS (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) with incubation 
for 2 min at 37˚C. Each well was then added 0.9 ml of DMEM 
containing 10% FBS and 1% P/S. The cell number in the cell 
suspension was counted as described below in the section ‘cell 
counting’.

Assay of cell death. To determine the effect of various factors 
on cell death including necrotic cell death and apoptotic cell 

death, RAW264.7 cells (1x105/ml per well) were cultured 
using a 24‑well plate in DMEM containing 10% FBS and 
1% P/S for 3 days in reaching upon confluency in the absence 
of drugs  (8,20). After reaching on subconfluence with 
culture for 3 days, the cells were additionally cultured for 
24 h after treatment of either vehicle (1% DMSO as a final 
concentration), (+)‑catechin (1 µg/ml of medium), baicalin 
(1 µg/ml), β‑caryophyllene (1 µg/ml), or their combination. 
After culture, the viable cells, which were attached on each 
dish, were detached from each culture dishes by adding a 
sterile solution (0.1 ml per well) of 0.05% trypsin plus EDTA 
in Ca2+/Mg2+‑free PBS (Thermo Fisher Scientific, Inc.) with 
incubation for 2 min at 37˚C. Each well was then added 0.9 ml 
of DMEM containing 10% FBS and 1% P/S. The cell number 
in the cell suspension was counted as described below in the 
section ‘cell counting’.

Counting of cell number. To detach cells on each well after 
culturing in order to assay the proliferation and death of 
RAW264.7 cells, the culture dishes were incubated for 2 min at 
37˚C after the addition of a solution (0.1 ml per well) containing 
0.05% trypsin plus EDTA in Ca2+/Mg2+‑free PBS, and the cells 
were detached through pipetting after the addition of DMEM 
(0.9 ml) containing 10% FBS and 1% P/S (8,19,20). Medium 
containing the suspended cells (0.1 ml) was mixed by the addi-
tion of 0.1 ml of 0.5% trypan blue staining solution, which can 
look living cells but not death cells. The number of viable cells 
was counted under a microscope (Olympus MTV‑3) using a 
Hemocytometer (Sigma‑Aldrich) and a cell counter (Line Seiki 
H‑102P, Tokyo, Japan). For each dish, we took the average of 
two counts. Cell numbers are shown as number per well.

Assay of cytokine production. RAW264.7 cells (1x105/ml 
per well) were cultured in a 24‑well plate in DMEM containing 
10% FBS and 1% P/S for 3 days upon reaching subconflu-
ency (8,19), and then the cells were further cultured for 5 h 
after the addition of either vehicle (1%  DMSO as a final 
concentration), (+)‑catechin (1 µg/ml of medium), baicalin 
(1 µg/ml), (β‑caryophyllene (1 µg/ml), or the three factors 
in combination (1 µg/ml of each factor) with or without LPS 
(100 ng/ ml). After incubation, medium was collected to assay 
cytokines, and then the cells were detached from each of the 
culture dishes to determine the number of cells as described 
in ‘cell counting’ (21). The concentrations of TNF‑α, IL‑6 
or IL‑1β in the medium were analyzed with the ELISA kits 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) of mouse 
TNF‑α (cat. no. KHC301), IL‑6 (cat. no. EH2IL6), and IL‑1β 
(cat. no. EM2IL1B) according to the manufactur's instructions. 
Data regarding the production of each cytokine are presented 
as pictogram (pg) secreted into culture medium (ml).

Statistical analysis. Data are presented as the mean ± stan-
dard deviation (SD). Statistical significance was determined 
using GraphPad InStat version3 for Windows XP (GraphPad 
Software, Inc., La Jolla, CA, USA). Multiple comparisons were 
performed by one‑way analysis of variance (ANOVA) with the 
Tukey‑Kramer multiple comparisons post hoc test for parametric 
data as indicated, and we reanalyzed data without using t‑tests. 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

The effects of (+)‑catechin, baicalin and β-caryophyllene,  
which have anti‑inflammatory effects, on the proliferation 
of RAW264.7 cells in vitro were investigated. To determine 
the effect on cell proliferation, RAW264.7 cells were cultured 
for 3 days in the presence of either vehicle (1% DMSO as a 
final concentration), (+)‑catechin [1 µg/ml (3.45 µM)], baicalin 
[1 µg/ml (2.24 µM)], or β‑caryophyllene [1 µg/ml (5 µM)] 
(Fig.  1). Cell growth was not altered in the presence of 
(+)‑catechin, baicalin, β‑caryophyllene, or baicalin (1 µg/ml) 
plus β‑caryophyline (1 µg/ml), and catechin (1 µg/ml) plus 
β‑caryophyline (1 µg/ml). Of note, the three combination 
of (+)‑catechin, baicalin and β‑caryophyllene revealed a 
potential‑suppressive effect on cell proliferation (Fig.  1). 
Suppression of cell proliferation caused during 3 days‑culture 

with combined compounds showed approximately 45% as 
compared with that of control.

Next, to determine the effects of (+)‑catechin, baicalin or 
β‑caryophyllene on the death of RAW264.7 cells, the cells were 
cultured for 3 days in the absence of botanical factors, and then 
the cells were cultured for an additional 24 h in the presence of 
either vehicle (1% DMSO as a final concentration), (+)‑catechin 
(1 µg/ml), baicalin (1 µg/ml), or β‑caryophyllene (1 µg/ml). 
The numbers of cells were not changed by the addition of each 
factor (Fig. 2). Of note, the combination of (+)‑catechin, baicalin 
and β‑caryophyllene exhibited a potential‑stimulatory effect 
on cell death (including necrotic cell death and apoptotic cell 
death) (Fig. 2). Further experiment may be used to determine 
a specific apoptotic cell death. Result showed the reduction of 
cell number approximately 60% with the three combined drugs 
as compared with that of control. Thus, the combination of 

Figure 1. Effects of (+)‑catechin, baicaline, and β‑caryophylline on the proliferation of RAW264.7 cells in vitro. RAW264.7 cells (1x105/ml per well) were 
cultured for 3 days in DMEM containing either vehicle (1% DMSO), (+)‑catechin (1 µg/ml of medium), baicalin (1 µg/ml), β‑caryophyllene (1 µg/ml), 
(+)‑catechin (1 µg/ml of medium) plus baicaline (1 µg/ml), or all three combined factors (each 1 µg/ml). After culture, the number of attached cells on 
dish was counted. Data are presented as mean ± SD obtained from 8 wells of 2 replicate wells per data set using different dishes and cell preparations. 
*P<0.001 vs. control (white bar). One‑way ANOVA, Tukey‑Kramer post hoc test. DMEM, Dulbecco's modification of Eagle's medium; DMSO, dissolved in 
dimethylsulfoxide; SD, standard deviation.

Figure 2. Effects of (+)‑catechin, baicaline, and β‑caryophylline on the death of RAW264.7 cells in vitro. RAW264.7 cells (1x105/ml per well) were 
cultured for 3 days in reaching upon subconfluence without botanical factors, and then were further cultured for 24 h in DMEM containing either vehicle, 
(+)‑catechin (1 µg/ml), baicalin (1 µg/ml), β‑caryophyllene (1 µg/ml), (+)‑catechin (1 µg/ml) plus baicalin (1 µg/ml), baicalin (1 µg/ml) plus β‑caryophyline 
(1 µg/ml), and catechin (1 µg/ml) plus β‑caryophyline (1 µg/ml), or all three combined factors (each 1 µg/ml). After culture, the number of attached cells 
on dish was counted. Data are presented as mean ± SD obtained from 8 wells of 2 replicate wells per data set using different dishes and cell preparations. 
*P<0.001 vs. control (white bar). One‑way ANOVA, Tukey‑Kramer post hoc test. DMEM, Dulbecco's modification of Eagle's medium; SD, standard deviation.
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(+)‑catechin, baicalin and β‑caryophyllene was demonstrated 
to reveal potential effects on the depression of proliferation 
and the stimulation of death in mouse macrophage RAW264.7 
cells, leading to the reduction of macrophage related to inflam-
mation.

Moreover, we investigated the effects of (+)‑catechin, 
baicalin or β‑caryophyllene on the production of inflammatory 
cytokines, including TNF‑α, IL‑6 and IL‑1β, in RAW264.7 
cells. In the previous studies (15), we investigated the effect 
of increasing dosages of the used three botanical factors in 
the range of 0.1 to 100 µg/ml of medium in RAW264.7 cells 
in vitro. Potential‑suppressive effect on the number of cells 
was found in over 1 µg/ml of each factor, which were based 
on our previous finding. Cytokine production by cells was 
resulted from the number of living cell on the dish. Therefore, 
it was important to estimate cytokine production with the 

use of chemical dosage, which did not have any effects on 
cell number. In this experiment, the cells were cultured for 
3 days without botanical factors, and the cells, upon reaching 
subconfluency, were cultured for an additional 5 h in the 
presence of either vehicle, (+)‑catechin (1 µg/ml), baicalin 
(1 µg/ml), β‑caryophyllene (1 µg/ml), or three combined factors 
with or without LPS (100 ng/ml). The number of RAW264.7 
cells was not changed by the culture with (+)‑catechin, baicalin, 
β‑caryophyllene, or a combination of the three factors in the 
presence (Fig. 3A) or absence (Fig. 3B) of LPS.

Then, under culture conditions that did not alter the cell 
number, we determined the effects of (+)‑catechin, baicalin, 
β‑caryophyllene, or three combined factors on the production 
of TNF‑α, IL‑6, and IL‑1β in RAW264.7 cells incubated 
with or without LPS (100 ng/ml). In the absence of LPS, the 
productions of TNF‑α (Fig. 4A), IL‑6 (Fig. 5A) and IL‑1β 

Figure 3. Effects of (+)‑catechin, baicaline, and β‑caryophylline on the number of RAW264.7 cells with or without LPS stimulation. RAW264.7 cells (1x105/ml 
per well) were cultured in the absence of botanical factors for 3 days in reaching upon subconfluence, and then the cells were further incubated for 5 h after 
the addition of either vehicle (1% DMSO), (+)‑catechin (1 µg/ml), baicalin (1 µg/ml), β‑caryophyllene (1 µg/ml), or all three combined factors (each 1 µg/ml) 
without (A) or with (B) LPS (100 ng/ml). After incubation, the number of attached cells on dish was counted. Data are presented as mean ± SD obtained from 
8 wells of 2 replicate wells per data set using different dishes and cell preparations. One‑way ANOVA, Tukey‑Kramer post hoc test. LPS, lipopolysaccharide; 
DMSO, dissolved in dimethylsulfoxide; SD, standard deviation.

Figure 4. Effects of (+)‑catechin, baicaline, and β‑caryophylline on the production of TNF‑α with LPS stimulation in RAW264.7 cells. Cells (1x105/ml 
per well) were cultured in the absence of botanical factors for 3 days in reaching on subconfluence, and then were further incubated for 5 h after the addition 
of either vehicle (1% DMSO), (+)‑catechin (1 µg/ml), baicalin (1 µg/ml), β‑caryophyllene (1 µg/ml), or all three combined factors (each 1 µg/ml) without (A) or 
with (B) LPS (100 ng/ml). After incubation, the medium was collected, and TNF‑α concentration in the mediun was determined. Data are presented as mean 
± SD obtained from 8 wells of 2 replicate wells per data set using different dishes and cell preparations. *P<0.001 vs. control (white bar); **P<0.001 vs. LPS 
(black bar); #P<0.001 vs. LPS plus either (+)‑catechin, baicalin, or β‑caryophyllene. One‑way ANOVA, Tukey‑Kramer post hoc test. LPS, lipopolysaccharide; 
DMSO, dissolved in dimethylsulfoxide; SD, standard deviation.
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(Fig.  6A) was not significantly altered by the addition of 
(+)‑catechin (1 µg/ml), baicalin (1 µg/ml), β‑caryophyllene 
(1 µg/ml), or their combination in RAW264.7 cells. Treatment 
with LPS caused a marked production of TNF‑α (Fig. 4B), IL‑6 
(Fig. 5B), or IL‑1β (Fig. 6B). These elevations were suppressed 
by the addition of (+)‑catechin (1 µg/ml), baicalin (1 µg/ml), 
or β‑caryophyllene (1 µg/ml). Interestingly, the combination 
of all three factors caused a potential‑suppressive effect on 
the production of TNF‑α (Fig. 4B), IL‑6 (Fig. 5B), and IL‑1β 
(Fig. 6B).

Discussion

Current study was investigated to determine the effects of the 
combination of (+)‑catechin, baicalin and β‑caryophyllene, 
which reveal anti‑inflammatory effects, on the proliferation 

and death and the production of inflammatory cytokines in 
mouse macrophage RAW264.7 cells in vitro. The growth of 
cells was not altered in the presence of (+)‑catechin, baicalin, 
and β‑caryophyllene. Of note, the three combined factors were 
demonstrated to exhibit a potential‑suppressive effect on the 
proliferation and a potential ‑stimulatory effect on the death 
of RAW264.7 cells in vitro. Current results confirmed our 
previous findings that the three combination of (+)‑catechin, 
baicalin and β‑caryophyllene reveals synergistic effects on 
the reduction of the number of mouse macrophage RAW264.7 
cells (15), leading to the elimination of macrophage related to 
inflammation.

Moreover, we investigated whether the combination of 
(+)‑catechin, baicalin and β‑caryophyllene potently suppressed 
the production of inflammatory cytokines, including TNF‑α, 
IL‑1β and IL‑6, under short-culture conditions, which did not 

Figure 5. Effects of (+)‑catechin, baicaline, and β‑caryophylline on the production of IL‑6 with LPS stimulation in RAW264.7 cells. Cells (1x105/ml per well) 
were cultured in the absence of botanical factors for 3 days in reaching on subconfluence, and then were further incubated for 5 h after the addition of either 
vehicle (1% DMSO), (+)‑catechin (1 µg/ml), baicalin (1 µg/ml), β‑caryophyllene (1 µg/ml), or all three combined factors (each 1 µg/ml) without (A) or with (B) 
LPS (100 ng/ml). After incubation, the medium was collected, and IL‑6 concentration in the mediun was determined. Data are presented as mean ± SD 
obtained from 8 wells of 2 replicate wells per data set using different dishes and cell preparations. *P<0.001 vs. control (white bar); **P<0.001 vs. LPS (black 
bar); #P<0.001 vs. LPS plus either (+)‑catechin, baicalin, or β‑caryophyllene. One‑way ANOVA, Tukey‑Kramer post hoc test. LPS, lipopolysaccharide; DMSO, 
dissolved in dimethylsulfoxide; SD, standard deviation.

Figure 6. Effects of (+)‑catechin, baicaline, and β‑caryophylline on the production of IL‑1β with LPS stimulation in RAW264.7 cells. Cells (1x105/ml per well) 
were cultured in the absence of botanical factors for 3 days in reaching on subconfluence, and then were further incubated for 5 h after the addition of either 
vehicle (1% DMSO), (+)‑catechin (1 µg/ml), baicalin (1 µg/ml), β‑caryophyllene (1 µg/ml), or all three combined factors (each 1 µg/ml) without (A) or with (B) 
LPS (100 ng/ml). After incubation, the medium was collected, and IL‑1β concentration in the mediun was determined. Data are presented as mean ± SD 
obtained from 8 wells of 2 replicate wells per data set using different dishes and cell preparations. *P<0.001 vs. control (white bar); **P<0.001 vs. LPS (black 
bar); #P<0.001 vs. LPS plus either (+)‑catechin, baicalin, or β‑caryophyllene. One‑way ANOVA, Tukey‑Kramer post hoc test. LPS, lipopolysaccharide; DMSO, 
dissolved in dimethylsulfoxide; SD, standard deviation.
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reveal suppressive effects on cell number with each factor 
alone or three combined molecules (Fig.  2). Of note, the 
combination of (+)‑catechin, baicalin and β‑caryophyllene 
was found to exhibit an additive‑depressive effect on the 
production of cytokines as compared with that of each factor 
alone. This result suggests that three combined factors have 
a potential‑suppressive effect on the production of cytokines 
involved in inflammation. It is assumed that the three combined 
factors suppress the production of inflammatory cytokines 
in a short culture period, and this leads to a reduction in the 
number of macrophages with longer culture in vitro.

In a previous study, in which RAW264.7 cells were 
cultured with the combination of (+)‑catechin, baicalin 
and β‑caryophyllen for 3  days, we demonstrated that the 
combined three factors induced G2/M phase cell cycle arrest 
in the proliferation of RAW264.7 cells using various inhibitors 
related to cell‑cycle arrest in vitro (15). The suppressive effects 
on cell proliferation of three combined botanical factors 
were suggested to link to inhibiting manifold intracellular 
signaling pathways, which are related to signaling pathways 
of PI3/Akt, ERK/MAPK, and Ca2+ in RAW264.7 cells, using 
various inhibitors (8,22‑25). Moreover, three combined factors 
were demonstrated to decrease the protein levels of Akt and 
MAPKs (p44/42 and p38) in RAW264.7 cells. The stimula-
tory effects of three combined botanical molecules on cell 
death were related to the activation of caspase‑3 (15), which 
activates nuclear DNA fragmentation and induces apoptotic 
cell death (26).

In the current study, RAW264.7 cells, upon reaching 
subconfluency, were cultured for 5 h after the treatment with 
the combination of (+)‑catechin, baicalin and β‑caryophyllen, 
the number of cells was not altered with these combinations. 
Of note, the productions of cytokines with LPS activation was 
demonstrated to potentially be suppressed by the treatment 
with three factors in combination in RAW264.7 cells. The 
combination of (+)‑catechin, baicalin and β‑caryophyllene 
was showed to decrease COX‑1 and COX‑2 in RAW264.7 
cells in vitro (15). Inflammation‑inducing factors are reported 
to increase COX‑2 and NF‑κB p65, which is associated with 
the mitogen‑activated protein kinase (MAPK)‑signaling 
pathways (27‑30). In addition, TNF‑α‑enhanced COX‑2 and 
NF‑κB p65 levels were suppressed by culture with these three 
botanical molecules in combination (15). LPS treatment has 
been reported to enhance the production of TNF‑α, IL‑6 and 
IL‑1β due to stimulating signaling pathways linked to MAPK 
and NF‑κB p65 in macrophage RAW264.7 cells (31‑33). It is 
possible that the combination of (+)‑catechin, baicalin and 
β‑caryophyllene may exhibit potent suppressive effects on 
the LPS‑enhanced production of inflammatory cytokines by 
inhibiting signaling pathways involved in MAPK and NF‑κB 
p65 in the activated macrophages. However, this remains to be 
elucidated.

In conclusion, the present study demonstrates that the 
LPS‑enhanced production of inflammatory cytokines in 
mouse macrophage RAW264.7 cells is potentially suppressed 
by the treatment with the combination of (+)‑catechin, baicalin 
and β‑caryophyllene with comparatively low levels, which did 
not show any effects on the number of RAW264.7 cells. This 
combination may be a useful anti-inflammatory therapeutic 
tool.
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