
Abstract. Sairei-to and its twelve ingredients were
investigated for their activity to stimulate prostaglandin E2
(PGE2) production by unstimulated and lipopolysaccharide
(LPS)-stimulated mouse macrophage-like RAW 264.7 cells.
LPS significantly stimulated the production and extracellular
secretion of PGE2 by RAW 264.7 cells. Sairei-to concentration-
dependently modified the LPS-stimulated PGE2 production.
Among Sairei-to ingredients, Scutellariae radix inhibited the
LPS-stimulated PGE2 production to the greatest extent,
followed by Zingiberis rhizoma, Glycyrrhizae radix,
Atractylodis lanceae rhizoma and Pinelliae tuber. On the other
hand, Bupleuri radix, Alismatis rhizoma, Zizyphi fructus,
Polyporus, Hoelen, ginseng radix and Cinnamomi cortex
further enhanced the LPS-stimulated PGE2 production. Western
blot analysis demonstrated that Sairei-to unexpectedly
enhanced the expression of cyclooxygenase-2 (COX-2) protein
level, but did not significantly affect phospholipase A2 protein
level. The present study suggests that the modification of the
enzyme activity of COX-2 may be involved in the
concentration-dependent effect of Sairei-to on PGE2 production
by macrophages.

Many plant-derived flavonoids show anti-inflammatory activity
(1). Flavonoids inhibit inflammatory responses via modulation
of the activity of enzymes involved in arachidonic acid (AA)
metabolism, such as phospholipase A2 (PLA2), cyclooxygenases
(COXs) and lipoxygenase (LOX) (2). Certain flavonoids inhibit

the production of inflammatory mediators such as prostaglandin
E2 (PGE2), or nitric oxide (NO) by down-regulating COX-2 or
inducible NO synthase (iNOS) expression (3).

Sairei-to, one of the Kampo medicines, is composed of 12
major ingredients (Bupleuri radix, Pinelliae tuber, Scutellariae
radix, Zizyphi fructus, ginseng radix, Glycyrrhizae radix,
Zingiberis rhizoma, Cinnamomi cortex, Atractylodis lanceae
rhizoma, Hoelen, Polyporus and Alismatis rhizoma), and has
been used for the treatment of dermatitis or mucositis such as
systemic lupus erythematosus, an autoimmune disease.

We previously proposed that Chinese medicines can be
separated into two groups (Group I and II), based on their
different actions on the NO production by activated
macrophages. Sho-saiko-to, Hange-shashin-to and Sairei-to
(tentatively classified as Group I) significantly reduced the
extracellular concentration of NO in LPS-stimulated mouse
macrophage-like RAW 264.7 cells at concentrations slightly
lower than that induced cytotoxicity. On the other hand,
Byakko-ka-ninjin-to, Hochu-ekki-to, Juzen-taiho-to and Ninjin-
yoei-to (tentatively classified as Group II) showed similar
effects, but required higher concentrations for exerting similar
inhibitory effects, due to the co-existence of both the inhibitors
and stimulators for NO production by activated RAW 264.7
cells (4). Western blot analysis demonstrated that LPS
stimulated the expression of iNOS at both protein and mRNA
levels, and that Sairei-to (Group I) reduced the LPS-induced
iNOS expression more potently than did Juzen-taiho-to (Group
II). Electron-spin resonance (ESR) spectroscopy showed that
Group I medicines generally produced higher amounts of
radicals under alkaline condition and scavenged superoxide and
NO more potently than did Group II medicines, whereas Group
II medicines had lower cytotoxicity, lower radical intensity,
lower radical scavenging activity, but higher stimulation activity
for NO production by macrophages than did Group I medicines.
Since Group I medicines contain inhibitors for NO production
by activated macrophages, they are expected to display some
anti-inflammatory action by modulating the AA pathway.
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In AA metabolism, tissue damage or inflammation activates
PLA2 of the cell membrane, stimulating the release of AA from
cell membrane phospholipids. Among several types of PLA2,
cPLA2 is the key enzyme in catalyzing the release of AA (5).
AA becomes the substrate for COXs or LOX to form
prostaglandins (PGs)/thromboxane (TXA) or leukotrienes,
respectively (6). COX catalyzes the cyclooxygenation of AA
to PGG2 and the peroxidation of PGG2 to PGH2. PGH2 is used
as a precursor for many PGs. Two isoforms of COX,
constitutive COX-1 and inducible COX-2, are known to
catalyze the biosynthesis of PGs from AA. COX-2 is induced
by inflammation, the major product of the enzyme reaction
catalyzed by COX-2 being PGE2.

Although Sairei-to is generally used as an anti-inflammatory
drug for oral mucositis, its anti-inflammatory action has not
been clarified yet. Therefore, in the present study, the effect of
Sairei-to and its twelve ingredients on PGE2 production and
possible changes in the enzymes involved in AA metabolism
were investigated, using stimulated and unstimulated RAW
264.7 cells.

Materials and Methods

Materials. The following chemicals and reagents were obtained from
the indicated companies: Sairei-to (No. 114), Tsumura Corp., Tokyo,
Japan (chemical components detailed in Table I; Dulbecco’s modified
Eagle’s medium (DMEM) (GIBCO BRL, NY, USA); fetal bovine
serum (FBS), LPS from Escherichia coli (serotype 0111:B4) and
arachidonic acid, Sigma Chem. Ind., St. Louis, MO, USA.

Cell culture. RAW 264.7 cells were cultured in DMEM supplemented
with 10% heat-inactivated FBS, under a humidified 5% CO2
atmosphere.

Measurement of PGE2 production. RAW 264.7 cells were subcultured
in 24-well plates and incubated with different concentrations of
Sairei-to or its ingredients in the presence or absence of LPS (100

ng/ml). The culture medium supernatant was collected by
centrifugation and determined for the PGE2 concentration by EIA kit
(Cayman Chemical Co, Ann Arbor, MI, USA).

Inhibition of purified COX activity. Purified COX-2 (human
recombinant) was incubated with different concentrations of Sairei-to
or Scutellariae radix and the enzyme activity was assayed in vitro by
determining the concentration of PG, a reaction product, by EIA kit
(Cayman Chemical Co), according to the manufacturer’s instruction.
Briefly, the sample and heme were incubated with purified COX-2 for
10 minutes at 37˚C. Arachidonic acid was then added and the mixture
incubated for 2 minutes at 37˚C. HCl was used to stop the reaction
and SnCl2 was added to generate PGF2α.

Western blot analysis. The cell pellets were suspended in phosphate-
buffered saline without Ca2+ and Mg2+ [PBS(–)] and mixed with an
equal volume of 2× sodium dodecyl sulfate (SDS) sample buffer
[0.1 M Tris-HCl (pH 6.8), 20% glycerol, 4% SDS, 0.01%
bromophenol blue, 1.2% 2-mercaptoethanol], and boiled for 10
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Table I. Twelve ingredients of Sairei-to and their major components.

Ingredient Major component(s) Content*

Bupleuri radix Saikosaponin a,c,d,f, α-spinasterol, l-anomalin 7.0
Pinelliae tuber Homogentisic acid, 3,4-dihydroxybenzaldehyde, l-ephedrine 5.0
Scutellariae radix Baicalein, baicalin, wogonin, camphesterol 3.0
Zizyphi fructus Oleanolic acid, betulinic acid, zizyphus saponin 3.0
Ginseng radix Ginsenoside-Ro, Ra-Rn, 20-glucoginsenoside-Rf, panaxynol 3.0
Glycyrrhizae radix Glycyrrhizin, liquiritin, glabric acid, licoricidin 2.0
Zingiberis rhizoma Zingiberen, zingerone, gingerol, shogaol, limonen 1.0
Cinnamomi cortex Cinnamic aldehyde, O-methoxycinnamic aldehyde 3.0
Atractylodis lanceae rhizoma Hinesol, β-eudemol, atractylodin 2.0
Hoelen Eburicoic acid 3.0
Polyporus Ergosterol, α-hydroxytetracosaic acid 3.0
Alismatis rhizoma Alisol, A, B, lecithine 5.0

*Expressed as amount (g) per 60 g Sairei-to.

Figure 1. Effect of Sairei-to on PGE2 production by LPS-stimulated and
unstimulated RAW 264.7 cells. RAW 264.7 cells were incubated for 24
hours with or without 100 ng/ml LPS in the presence of the indicated
concentrations of Sairei-to, and the PGE2 concentration in the medium
fraction was then determined. Each value represents mean±SD from
three independent experiments.



minutes. The protein in the cell lysate was determined by Protein
Assay Kit (Bio Rad, Hercules, CA, USA) and aliquots equivalent to
20 μg protein were applied to the 8% SDS polyacrylamide gel
electrophoresis and then transferred to PVDF membrane (Immobilon-
P, Millipore Corp, Bedford, MA, USA). The membranes were then
blocked with 5% skimmed milk in Tris-HCl-buffered saline
containing 0.05% Tween 20 overnight at 4˚C, incubated with
antibodies against COX-2 (1:2,000) or cPLA2, (1:1,000) (Santa Cruz
Biotechnology, Delaware, CA, USA) for 90 minutes at room
temperature and then incubated with horseradish peroxidase-
conjugated anti-goat IgG (1:2,000) (Santa Cruz Biotechnology) for 60
minutes at room temperature. Immunoblots were developed with
Western Lightning™ Chemiluminescence Reagent Plus (Perkin Elmer
Life Sciences, Boston, MA, USA).

Results

Effect of Sairei-to on PGE2 production. Treatment of RAW
264.7 cells for 24 hours with 100 ng/ml LPS significally
enhanced their NO production, most of which was released into
the culture medium. Based on this result, the extracellular
concentration of NO was used as an indication of the extent of
activation of RAW 264.7 cells in the subsequent experiments.

LPS induced PGE2 production by RAW 264.7 cells. Sairei-to
concentration-dependently reduced PGE2 production by LPS-
stimulated RAW 264.7 cells. Addition of Sairei-to at 0.1 and
1 mg/ml inhibited LPS-stimulated PGE2 production by 69%
and 97% , respectively (Figure 1).

Effect of Sairei-to on the expression of COX-2. Western blot
analysis demonstrated that Sairei-to at 1 and 3 mg/ml
unexpectedly increased the expression of COX-2 protein in
unstimulated RAW 264.7 cells, while it did not inhibit but
rather slightly increased the COX-2 protein level in the LPS-
stimulated RAW 264.7 cells (Figure 2).

Effect on the expression of cPLA2 protein. cPLA2 protein
expression level was comparable regardless of LPS stimulation
and was not significantly changed by the addition of Sairei-to
(0.1–3 mg/ml) (Figure 3).

Effect of twelve ingredients of Sairei-to on PGE2 production.
LPS stimulated PGE2 production to the greatest extent (Figure
4), followed by Polyporus, Cinnamomi cortex, Alismatis
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Figure 2. Effect of Sairei-to on the expression of COX-2 protein in LPS-stimulated and unstimulated RAW 264.7 cells. RAW 264.7 cells were treated
for 24 hours with the indicated concentrations of Sairei-to in the presence or absence of 100 ng/ml LPS and the COX-2 protein expression in the cells
was assayed by Western blot analysis.

Figure 3. Effect of Sairei-to on the intracellular concentration of cPLA2 protein in LPS-stimulated and unstimulated RAW 264.7 cells. RAW 264.7
cells were treated for 24 hours with the indicated concentrations of Sairei-to in the presence or absence of 100 ng/ml LPS and the cPLA2 protein
expression in the cells was assayed by Western blot analysis.



rhizoma, Bupleuri radix, Zizyphi fructus, ginseng radix and
Hoelen. Sairei-to inhibited LPS-stimulated PGE2 production
by 99.3% . Among its ingredients, Scutellariae radix inhibited
the LPS-stimulated PGE2 production to the greatest extent
(98.4% ), followed by Zingiberis rhizoma, Glycyrrhizae radix,
Atractylodis lanceae rhizoma and Pinelliae tuber.

Inhibit of COX-2 protein activity. Sairei-to (1 mg/ml) and
Scutellariae radix (0.075 mg/ml) did not inhibit, but rather
slightly enhanced the COX-2 activity, whereas indomethacin
(IND) almost completely inhibited the COX-2 activity
(Figure 5).

Discussion

The present study was undertaken to elucidate the
pharmacological effects of Sairei-to on the production of
inflammatory mediators in macrophages. When activated,
macrophages release growth factors, cytokines and lipid
mediators such as pro-inflammatory prostaglandins and
leukotrienes. The present study showed that Sairei-to suppressed
the production of PGE2 in LPS-stimulated murine macrophage
RAW 264.7 cells in a concentration-dependent manner. We
reported previously that Sairei-to significantly reduced NO
production by LPS-stimulated cells at a concentration that did
not induce cytotoxicity. These results showed that Sairei-to

suppressed the production of both NO and PGE2 in LPS-
stimulate RAW 264.7 cells. NO and PGE2, which are produced
by iNOS and COX-2, respectively, have been implicated as
important mediators under endotoxemia and inflammatory
conditions (7).

Sairei-to consists of a total of 12 ingredients. Among these
twelve ingredients, Scutellariae radix, Zingiberis rhizoma,
Glycyrrhizae radix, Atractylodis lanceae rhizoma and Pinelliae
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Figure 4. Effect of twelve ingredients of Sairei-to on PGE2 production by LPS-stimulated and -unstimulated RAW 264.7 cells. RAW 264.7 cells were
incubated for 24 hours with 1 mg/ml of Sairei-to or each of its twelve ingredients in the presence or absence of 100 ng/ml LPS and the PGE2
concentration of the medium fraction was then determined. Each value represents mean±SD of three independent experiments.

Figure 5. Effect of Sairei-to and Scutellariae radix on COX-2 protein
activity of purified COX-2 protein in RAW264.7 cells. COX-2 activity
was determined by the amount of reaction product. Each value
represents mean±SD from four independent experiments



tuber suppressed the production of PGE2 in LPS-stimulated
murine macrophage RAW 264.7 cells. In particular, the
inhibitory effect of Scutellariae radix was the greatest among the
12 ingredients. Furthermore, Scutellariae radix (0.075 mg/ml)
inhibited COX-2 activity more potently than unfractionated
Sairei-to. This result cannot be explained solely by the level of
COX-2 expression, other factors may be involved.
Scutellariae radix has been reported to contain flavonoids

that display unique pharmacological activities, such as anti-
inflammatory, antitumor and antiproliferative activity, the
potentiation of smooth muscle contraction and the inhibition of
leukotriene production and prostaglandin synthesis, while
having inhibitory effects on platelet lipoxygenase, sialidase and
xanthine oxidase (1, 8-15). The present study demonstrated
that Sairei-to increased COX-2 protein expression, regardless
of its concentration or stimulation of LPS, but did not affect
cPLA2 protein expression.
Scutellariae radix contains active substances, such as

baicalein and wogonin, which affect the AA cascade through
the inhibition of MAPK (mitogen-activated protein kinase) that
activates cPLA2. The inhibition of PGE2 synthesis by
Scutellariae radix is mediated by the inhibition of the MAPK
cascade and AA liberation, clearly different from that of non-
steroidal anti-inflammatory drugs (12). Baicalin, another
component of Scutellariae radix, has been recently shown to
protect mice and rats from lung and hepatic injury, and
periodontitis (16-18). However, the total activity of Sairei-to
has not been reported in recent years.

Sairei-to contains various components, displaying diverse
pharmacological actions. The present study demonstrated that
Sairei-to suppressed PGE2 production without inhibiting COX-
2 activity and expression stimulated by LPS in RAW 264.7
macrophages. At present, the point of action of Sairei-to that
leads to the final inhibition of PGE2 production is unclear.
Possibly, Sairei-to may inhibit cellular synthesis of COX-2.
Further analysis of each component of Sairei-to may elucidate
the mechanism of action of this Kampo medicine.
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