
Abstract. Background/Aim: The cannabinoid 2 (CB2)
receptor is an important regulator of immunoinflammatory
responses. Crude drugs commonly used in Japanese
traditional Kampo medicine have displayed anti-inflammatory
effects; however, few studies have reported that these effects
are mediated via CB2 receptor signaling. Therefore, this study
aimed to elucidate CB2 receptor-related anti-inflammatory
regulation in crude drugs. Materials and Methods: The
ethanol extracts of 34 crude drugs listed in the Japanese
Pharmacopeia were tested, and the inhibitory effects on
lipopolysaccharide (LPS)-induced nitric oxide (NO)
production were evaluated in murine macrophage RAW 264
cells. Results: The extracts of Curcumae Longae Rhizoma
(dried rhizome of Curcuma longa) and Saussureae Radix
(dried root of Saussurea lappa) significantly inhibited NO
production and attenuated the LPS-induced decrease in CB2
receptor mRNA expression. Conclusion: Curcumae Longae

Rhizoma and Saussureae Radix can modulate the CB2-
receptor-related anti-inflammatory regulation in macrophages.

Macrophages are widely distributed in various tissues and
exhibit diverse functions. They play an essential role in
development, homeostasis, and tissue repair, and are involved
in various inflammatory diseases, including atherosclerosis,
Crohn’s disease, and fibrosis (1). Macrophages express Toll-
like receptors (TLRs) that recognize microbe-specific
components called pathogen-associated molecular patterns
(2). TLRs recruit specific adaptor molecules, such as myeloid
differentiation factor 88 and toll/interleukin-1 receptor
domain-containing adapter inducing interferon-β. This leads
to the activation of mitogen-activated protein kinases, nuclear
factor kappa B (NF-ĸB), or interferon regulatory factors (3).
Activated macrophages produce proinflammatory mediators
including inducible nitric oxide synthase (iNOS) and nitric
oxide (NO) (4), which is synthesized by iNOS using L-
arginine as a substrate.

The CB2 receptor is a plasma membrane G-protein-
coupled receptor first identified in the spleen tissue (5). As
they are mainly expressed in the somatodendritic
compartment, and under pathological conditions, it was
considered that CB2 receptors may modulate neuroprotective
mechanisms in various mental and neurological diseases (6).
CB2 receptors can also modulate immune cell function (7),
and were reported to be highly expressed in peripheral
immune tissues, including spleen T cells and macrophages
(8, 9). In addition, CB2 receptor-deficient mice were found
to have exacerbated inflammation (7). As CB2 receptor
expression was reduced in lipopolysaccharide (LPS)-
stimulated RAW 264 cells (10) and microglia cells (11),
factors that attenuate the reduction of CB2 receptors may be
novel therapeutic regulators for inflammatory diseases.
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Appropriate regulation of the immune system is very
important for preventing diseases. Immune system dysfunction
may be caused by aging, physical and mental stress, and an
unhealthy lifestyle, resulting in the development of immune-
related conditions, including cancer, infectious disease, and
allergy. Although several chemical medicines are available for
the treatment of these conditions, most of them have
detrimental side effects after prolonged use. Thus, natural
products that exhibit significant anti-inflammatory activities
have attracted considerable attention.

Traditional Kampo medicine is utilized in Japan as an
alternative and complementary therapy for inflammation. For
example, Forsythiae Fructus, derived from the fruits of Forsythia
suspensa (Thunb.) Vahl, is traditionally used for its anti-
inflammatory, diuretic, and antiviral effects (12). Phellodendri
Cortex, which originates from the dried trunk bark of
Phellodendron amurense, has anti-inflammatory and
antimicrobial activities (13). Experimental data also
demonstrated that several crude drugs including those previously
mentioned, inhibited LPS-induced inflammation in macrophages
(12, 13). However, it remains unclear if the anti-inflammatory
effects can be attributed to the CB2 receptor modulation.

In this study, we evaluated the anti-inflammatory effects
and CB2 receptor expression of crude drugs using the mouse
macrophage cell line, RAW 264 cells (10). LPS-stimulated-
RAW 264 cells are frequently used to study macrophage
function in inflammatory diseases (14). We demonstrated
that 70% ethanolic extracts of Curcumae Longae Rhizoma
and Saussureae Radix strongly suppressed NO production in
macrophages. Curcumae Longae Rhizoma and Saussureae
Radix originate from the rhizome of Curcuma longa and
roots of Saussurea lappa, respectively. Furthermore,
reduction in CB2 receptor mRNA levels due to LPS
stimulation was attenuated by the extracts. The extracts of
Curcumae Longae Rhizoma and Saussureae Radix showed
anti-inflammatory effects and served as immunomodulators
by regulating CB2 receptor expression.

Materials and Methods

Materials. Thirty-four crude drugs listed in the 17th edition of the
Japanese Pharmacopeia were selected and purchased from several
distributors (15, 16). The samples were prepared as previously
described (16). Briefly, crude drugs were refluxed in 70% ethanol
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Figure 1. Effects of ethanol extracts on the viability of lipopolysaccharide (LPS)-stimulated RAW 264 cells. Cells were pretreated with the ethanol
extracts of crude drugs for 0.5 h prior to incubation with LPS (100 ng/ml) for 24 h. Cell viability was measured using the Cell Counting Kit-8
assay. Data are presented as the mean±standard deviation (SD; n=4).



for 1 h, and the extracts were dried by evaporation. The samples
were dissolved in dimethyl sulfoxide to a concentration of 10
mg/ml. ISOGEN II was purchased from Nippon Gene Co., Ltd.
(Tokyo, Japan). FastGene Scriptase II cDNA Synthesis kit was
purchased from Nippon Genetics Co., Ltd. (Tokyo, Japan). LPS
from E. coli O111, Dulbecco’s Modified Eagle Medium (DMEM;
high glucose) without L-glutamine and phenol red, L-glutamine,
MEM nonessential amino acids (NEAA), Eagle’s minimum
essential medium (EMEM) with L-glutamine and phenol red, N-1-
naphthylethylenediamine dihydrochloride, phosphoric acid, and
sulfanilamide were purchased from FUJIFILM Wako Pure Chemical
Corporation (Osaka, Japan). Foetal bovine serum (FBS) was
purchased from Biowest (Nuaille, France).

Cell culture. RAW 264 cells were grown at 37˚C in EMEM
supplemented with 10% FBS, 1% NEAA, 100 U/ml of penicillin,
and 100 μg/ml of streptomycin. For experiments, RAW 264 cells
were plated in a 24- or 96-well flat-bottomed tissue culture plates
containing DMEM without phenol red, supplemented with 0.5%
FBS, 2 mM L-glutamine, 100 U/ml of penicillin, and 100 μg/ml of
streptomycin. The cells were cultured overnight at 37˚C in a
humidified atmosphere of 5% CO2/95% air. The cells were then
pretreated with various crude drug extracts for 0.5 h before
stimulation with LPS. The cell culture supernatant was then
collected via centrifugation. NO concentration in the cell culture

supernatant was determined using the Griess reagent system.
Briefly, the supernatant was mixed with an equal volume of Griess
reagent [2.5% (v/v) phosphoric acid containing 1% (w/v)
sulfanilamide and 0.1% (w/v) N-1-naphthylethylenediamine
dihydrochloride] for 20 min at room temperature. The absorbance
was measured at 550 nm using a SpectraMax M2 spectrophotometer
(Molecular Devices, LLC, San Jose, CA, USA). Cell viability was
assayed using the Cell Counting Kit-8 (Dojindo Laboratories,
Kumamoto, Japan). Briefly, RAW 264 cells were treated with crude
drug extracts and LPS, and the culture medium was removed.
Culture medium and Cell Counting Kit-8 reagent were added to
each well and incubated for 2 h at 37˚C in a humidified atmosphere
of 5% CO2/95% air. Absorbance was measured at 450 nm using a
microplate reader (EMax, Molecular Devices, LLC.).

RNA isolation and real-time reverse transcription polymerase chain
reaction (RT-PCR) analysis. Total RNA was extracted using ISOGEN
II according to the manufacturer’s instructions and was reverse
transcribed to cDNA using the FastGene Scriptase II cDNA Synthesis
Kit. Real-time PCR was performed using Taq DNA Polymerase with
Standard Taq Buffer (New England BioLabs, Ipswich, MA, USA) and
EvaGreen (Biotium, Inc, San Francisco, CA, USA) with a Thermal
Cycler Dice Real-Time System (Takara Bio Inc, Shiga, Japan). The
primers used are as follows: mouse CB2: 5’-TCCTATCATTT
ACGCCCTGC-3’ (sense), 5’-CCTCTGACTCGGGCTGTTTC-3’
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Figure 2. Effects of crude drug extracts on nitric oxide (NO) production in LPS-stimulated RAW 264 cells. Cells were pretreated with the ethanol
extracts of crude drugs for 0.5 h prior to incubation with LPS (100 ng/ml) for 24 h. The levels of NO in the culture medium were measured using
Griess reaction. Data are presented as the mean±SD (n=4).



(antisense); mouse iNOS: 5’-TGGAGCCAGTTGTGGATTGTC-3’
(sense), 5’-GGTCGTAATGTCCAGGAAGTAG-3’ (antisense);
mouse TLR4: 5’-CCTGACACCAGGAAGCTTGA-3’ (sense), 5’-
TCAATTGTTTCAATTTCACACCTGG-3’ (antisense); and mouse β-
actin: 5’-CGGTTCCGATGCCCTGAGGCTCTT-3’ (sense), 5’-
CGTCACACTTCATGATGGAATTGA-3’ (antisense). The values
obtained were normalized to β-actin mRNA levels. The 2-ΔΔCt
method was used to calculate the relative expression levels.

Statistical analyses. The significance of differences was analysed using
Student’s t-test by Microsoft Excel software (Microsoft Corporation,
Seattle, WA, USA). Statistical significance was set at p<0.05.

Results

To evaluate anti-inflammatory effects, we first prepared 34
crude drug extracts (refluxed in 70% ethanol) at a final
concentration of 10 μg/ml and examined their effects on the
viability of LPS-induced RAW 264 cells. In the presence of

crude drugs, cell viability in all samples was over 70%, but
was relatively low in the presence of Curcumae Longae
Rhizoma (70.9±3.7%), Pogostemoni Herba (78.8±4.6%), and
Uvae Ursi Folium (75.0±5.7%) as shown in Figure 1. Next,
we evaluated the effects on NO production in LPS-induced
RAW 264 cells. Of the 34 crude drug extracts, NO
production was suppressed by the addition of Curcumae
Longae Rhizoma (9.8±1.5%) and Saussureae Radix
(10.4±3.9%) (Figure 2). The rhizome of C. longa, also
known as turmeric, has various therapeutic applications in
inflammatory disorders and wound healing (17). Meanwhile,
Saussureae Radix has long been used as a medicinal herb to
treat various diseases of the digestive system. It has been
reported that the ethanol extract of S. lappa suppressed
inflammatory activity in an animal model induced by
carrageenan (18).

Focusing on the two crude drugs, the mRNA levels of iNOS,
TLR4, and CB2 receptor were measured using real-time RT-
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Figure 3. Effects of Curcumae Longae Rhizoma and Saussureae Radix
on iNOS, TNF-a, TLR4, and CB2 receptor expression in LPS-stimulated
RAW 264 cells. Cells were pretreated with the ethanol extracts of crude
drugs for 0.5 h prior to LPS stimulation (100 ng/ml for 8 h). Total RNA
was then isolated using the ISOGEN II. iNOS (A), CB2 receptor (B),
and TLR4 (C) mRNA levels were analysed by real-time reverse
transcription polymerase chain reaction. Relative mRNA levels were
determined using the Ct value method and normalized to β-actin
expression. Data are presented as the mean±SD (n=3-4). *p<0.05,
**p<0.01, and ***p<0.001 compared to the LPS-treated group.



PCR (Figure 3A-C). The mRNA levels of iNOS in the LPS-
stimulated group were approximately 15-fold higher than those
in the non-stimulated group. LPS-stimulated iNOS expression
was suppressed after treatment with Curcumae Longae
Rhizoma (10-fold) and Saussureae Radix (approximately 8-
fold). The mRNA levels of TLR4 and CB2 receptors in LPS-
stimulated cells were lower than those in non-treated cells
(Figure 3B and C). Both Curcumae Longae Rhizoma and
Saussureae Radix extracts attenuated LPS-induced reduction in
the mRNA of TLR4 and CB2 receptors. These results indicate
that Curcumae Longae Rhizoma and Saussureae Radix
inhibited NO production in macrophages and had anti-
inflammatory effects, which could be mediated by the mRNA
expression of iNOS and TLR4, which are major inflammation-
related genes, as well as the mRNA levels of CB2 receptor.

Discussion
In this study, we evaluated 34 crude drugs listed in the
Japanese Pharmacopeia. The inhibitory effects of crude drug
extracts on NO production are listed in the Traditional
Medical & Pharmaceutical Database, Institute of Natural
Medicine, University of Toyama (19). Using this information,
we selected several crude drugs that exhibited inhibitory
effects on NO production and compared them with Curcumae
Longae Rhizoma and Saussureae Radix. We found that
Curcumae Longae Rhizoma and Saussureae Radix
significantly suppressed NO production (data not shown).
Previous reports indicated that LPS-stimulated NO production
in RAW 264 cells was inhibited by the constituents of
Curcumae Longae Rhizoma and Saussureae Radix (20, 21).
Over the decades, several studies have been conducted on the
anti-inflammatory effects of C. longa (22). In RAW 264 cells,
curcumin, curcumol, and turmeronol, which are major
components of Curcumae Longae Rhizoma, inhibited LPS-
induced NO production by suppressing iNOS mRNA
expression (20, 23, 24). S. lappa is commonly known as
costus, and its dried root has been traditionally used for
inflammatory diseases, including rheumatoid arthritis,
gastritis, bronchitis, and asthma (21, 25, 26). It has been
reported that Saussureae Radix alleviated neuroinflammation
in LPS-stimulated microglial cells via HO-1/Nrf-2 induction
(27). The main chemical constituents of S. lappa are
sesquiterpenes and sesquiterpene lactones. Santamarin and
dehydrocostuslactone, sesquiterpenes isolated from S. lappa,
suppressed iNOS-derived NO production in RAW 264 cells
(21, 28). However, CB2 receptor-mediated anti-inflammatory
effects of the constituents have not been examined. A recent
study demonstrated that CB2 receptor activation alleviated
septic lung injury (29). In addition, it was postulated that both
Curcumae Longae Rhizoma and Saussureae Radix may have
related therapeutic effects. In our study, we showed that crude
drug extracts of Curcumae Longae Rhizoma and Saussureae

Radix suppressed down-regulation of CB2 receptors in LPS-
induced RAW 264 cells. Since the plants contain multiple
bioactive compounds, the anti-inflammatory effect may be the
result of multiple signaling pathways that are activated by
various bioactive components. Further studies are necessary
to elucidate the underlying mechanisms.

In conclusion, we screened the anti-inflammatory effects
of 34 crude drugs listed in the Japanese Pharmacopeia and
assessed whether they exert anti-inflammatory effects via
CB2 receptor signaling. LPS-induced NO production in RAW
264 cells was significantly inhibited by the extracts of
Curcumae Longae Rhizoma and Saussureae Radix. Treatment
with these extracts attenuated LPS-induced changes in the
mRNA levels of iNOS, TLR4, and CB2 receptor. These
results indicate that CB2 receptor signaling can modulate the
anti-inflammatory effects of the two crude drug extracts.
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