
Arch Pharm Res Vol 31, No 12, 1597-1603, 2008
DOI 10.1007/s12272-001-2157-3

1597

www.springer.com/12272

RESEARCH ARTICLE
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As part of an ongoing investigation aimed at the discovery of novel bioactive medicinal herbs with anti-
inflammatory properties, the effects of an ethanolic extract from the parts of Salviae miltiorrhiza Bunge
(ESM) were evaluated using in vitro and in vivo animal model analysis. ESM inhibited cyclooxygenase-
2 (COX-2) and COX-1-dependent phases of prostaglandin D2 (PGD2) generation in bone marrow-
derived mast cells (BMMC) in a concentration-dependent manner with IC50 values of 3.96 µg/mL and
21.54 µg/mL, respectively. Furthermore, ESM inhibited leukotriene C4 (LTC4) production with an IC50
value of 2.6 µg/mL. These results clearly demonstrated the dual COX-2 selective/5-lipoxygenase inhib-
itory activity that ESM possessed. ESM strongly inhibited a degranulation reaction in a dose dependent
manner within a BMMC system, with an IC50 value of 22.4 µg/mL. Additionally, ESM was tested in a
rat passive cutaneous anaphylaxis (PCA) reaction assay by oral administration (25 to 100 mg/kg). ESM
dose-dependently inhibited the PCA reaction, which was activated by anti-dinirophenyl (DNP) IgE.
These results suggested that ESM might be beneficial in regulating various allergic reactions.
Key words: Salviae miltiorrhiza, Allergy, Bone marrow derived mast cells, Passive cutaneous anaphy-
laxis (PCA) reaction

INTRODUCTION

Mast cells are one of the most important cells during
the allergic diseases. When activated, mast cells release a
number of biologically active molecules through various
processes. Histamine, serotonin, proteoglycans, and serine
proteases are released through exocytosis, lipid mediators
such as eicosanoids are released through the activation of
the cyclooxygenase-2 (COX-2) and 5-lipoxygenase (5-
LOX) pathways and various cytokines are synthesized de
novo (Stevens et al., 1989; Yamaguchi et al., 1999;
Murakami et al., 2001). Prostagladins (PGs) elicit a
variety of important biological responses. Among these
properties are the ability to induce pain, fever, and the
symptoms associated with inflammatory responses. Non-
steroidal anti-inflammatory drugs (NSAIDs) reduce the
pain and inflammatory swelling by blocking PGs synthesis
at the COX stage. However, most NSAIDs which have
been used clinically inhibit the production of PGs which
are associated with the inflammatory processes as well as

the maintenance of normal physiological processes. The
main limitation of NSAIDs are the side-effects associated
with it including gastrointestinal ulcerogenic activity and
kidney dysfunction, which limits the therapeutic value of
their safe and long-term usage (Vane et al., 1971; Whittle
et al., 1980).

The enzyme responsible for PGs synthesis exists as two
isoforms, COX-1 (constitutive isoform) and COX-2 (in-
ducible form) (O’Banion et al., 1992). Arachidonic acid
can also be converted to cysteinyl leukotrienes (LTs) by
the action of 5-LOX. The cysteinyl LTs are potent media-
tors of allergy and inflammation by modulation of the
smooth muscle tone and vascular permeability (Kanaoka
et al., 2006; Tokita et al., 2006). In addition, they play an
important role in asthma and other respiratory diseases
(Lewis et al., 1990; McMillan et al., 1992; Henderson,
1994). Thus, the development of dual inhibitors that can
simultaneously inhibit both the COX-2 and 5-LOX reac-
tions, might enhance their individual anti-inflammatory
effects and reduce the undesirable side-effects that are
generally associated with NSAIDs. For this purpose, about
300 plant extracts were evaluated for possible inhibitory
activity on PGD2 and LTC4 production from mouse bone
marrow-derived mast cells (BMMC) stimulated with c-kit
ligand (KL)/IL-10/lipopolysaccharide (LPS) in vitro (Moon
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et al., 1998).
Salvia miltiorrhiza (Labiatae), an eminent herbal plant,

has been widely used in traditional Chinese medicine for
the treatment of heart, liver diseases and vascular diseases
such as hypertension (Wu et al., 1998; Chen et al., 2001;
Chen et al., 2001b; Hung et al., 2001; Ji et al., 2003; Lay
et al., 2003). Several active components such as tans-
hinones, D(+)3,4-dihydroxyphenol lactic acid, protocatec-
huic aldehyde, salvianolic acids (A, B, C, D, E, F), and
rosmarinic acid (Li 1997; Wang et al., 1991) have been
isolated and identified. Tanshinones, which are contained
within the non-polar extracts of S. miltiorrhiza, are
known to inhibit platelet-aggregation and protect the
myocardium against ischemia-induced derangement. The
phenolic compounds present in the crude extract of S.
miltiorrhiza are effective in protecting liver microsomes,
hepatocytes, and erythrocytes against oxidative damage
(Liu et al., 2001; Li et al., 2002). It was also reported that
S. miltiorrhiza improved cognitive impairment in a broad
range of animal models of memory deficiency (Hsieh et
al., 2000). Previously we reported that that S. miltiorrhiza
inhibited matrix metalloproteinase-9 activity and migra-
tion of tumor necrosis factor-α (TNF-α)-induced human
aortic smooth muscle cells (Jin et al., 2006) and that
tanshinone I, isolated from S. miltiorrhiza showed in vivo
anti-inflammatory activity in rat carrageenan-induced paw
oedema and adjuvant-induced arthritis (kim et al., 2002).
Although the underlying mechanisms for the anti-inflam-
matory properties of S. miltiorrhiza have not yet been
completely elucidated, the evidence that has already been
presented suggests that SM may have some effects on
allergic reactions.

The present study was therefore conducted to inves-
tigate the possible anti-allergic effects of the ethanolic
extracts of S. miltiorrhiza (ESM) on passive cutaneous
anaphylaxis (PCA) reaction induced by anti-dinirophenyl
(DNP) IgE in rats. This was determined by testing the
effects of ESM on the arachidonic acid metabolizing
enzymes and degranulation reactions from cytokine sti-
mulated mouse bone marrow-derived mast cells (BMMC)
and using an in vivo animal model.

MATERIALS AND METHODS

Materials
Dried leaves of S. miltiorrhiza were collected from the

herbal garden at the College of Pharmacy, Yeungnam
University and positively identified by professor Ki-Hwan
Bae (College of Pharmacy, Chungnam National University,
Daejeon, Korea). A voucher specimen has been deposited
at the herbarium of the College of Pharmacy, Yeungnam
University (YNU 6027). The dried aerial parts of S.
miltiorrhiza (1 kg) were cut into small pieces and extract-

ed repeatedly with 70% ethanol. The solution was filtered
and evaporated in vacuo to yield a powered extract
(100.3 g).

Animals
Male Spraque-Dawley (SD) rats (180-200 g) obtained

from Daehan Biolink, Eumsung (Korea) were acclimatiz-
ed in the animal facility under conditions of 20o-22oC,
40%-60% relative humidity and 12 h/12 h (light/day) cycle
for at least for 7 days.

Preparation and activation of BMMC
Bone marrow cells from male Balb/cJ mice were cul-

tured for up to 10 weeks in 50% enriched medium (RPMI
1640 containing 2 mM L-glutamine, 0.1 mM nonessential
amino acids, antibiotics and 10% fetal calf serum) and
50% WEHI-3 cell-conditioned medium as a source of IL-
3. After 3 weeks, > 98% of the cells were confirmed to be
BMMC using a previously described procedure (Murakami
et al., 1999).

Determination of prostaglandin D2 (PGD2)
In order to measure the inhibitory activity of ESM on

COX-2, BMMC suspended at a cell density of 5×105

cells/mL in enriched medium were pre-incubated with
aspirin (10 µg/mL) for 2 h in order to irreversibly inacti-
vate any pre-existing COX-1. After washing, BMMC
were activated with c-kit ligand (KL, 100 ng/mL), IL-10
(100 U/mL), and LPS (100 ng/mL) at 37oC for 8 hours in
the presence or absence of ESM that was previously dis-
solved in dimethylsulfoxide (DMSO). All reactions were
stopped by centrifugation at 120 g at 4oC for 5 minutes.
The supernatant and cell pellet were immediately frozen
in liquid N2 and stored at -80oC for further analysis. Con-
centrations of PGD2 in the supernatant were measured
using a PGD2 assay kit (Cayman Chemical, Ann Arbor,
MI, USA) according to the manufacturer’s instructions.
Under these assay conditions, the COX-1 and COX-2-de-
pendent phases of the PGD2 generation reached approxi-
mately 7.6 and 7.8 ng/106 cells, respectively. All data re-
ported are representative of the arithmetic mean of tripli-
cate determinations.

Analysis of LTC4

BMMC suspended in enriched medium at a cell density
of 1×106 cells/mL were pre-treated with ESM for 15
minutes at 37oC and stimulated with KL (100 ng/mL).
After 20 minutes of stimulation, the supernatants were
isolated for further analysis. LTC4 was determined using
an enzyme immunoassay kit (EIA) (Cayman Chemical,
Ann Arbor, MI, USA) according to the manufacturer’s in-
structions. Under the conditions employed, LTC4 reached
approximately 8.9 ng/106 cells. All data reported are re-
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presentative of the arithmetic mean of triplicate deter-
minations.

Passive Cutaneous Anaphylaxis (PCA) analysis
Male SD rats weighing 180-200 g (Daehan Biolink,

Eumsung, Korea) were used in the PCA test. The animals
were housed in cages at least 1 week prior to the experi-
ments. Briefly, 100 µL/site of monoclonal anti-DNP mouse
IgE (1:1,000 dilution; Seikagaku-kougyo, Japan) was in-
jected intradermally into the shaved back of the rat. After
48 h, PCA was evoked by an intravenous injection of the
antigen (Ag; 1 mg of DNP-BSA (Sigma Chemical Co.) in
PBS containing 1 mL of 1% Evans blue (1:4). ESM (25-
100 mg/kg body weight, p.o) and dexamethasone (1-10
mg/kg, p.o) were administered 1 h before the Ag challenge.
After 30 minutes, the skin was removed and evans blue
was leaked into the skin, which was then extracted and
quantified, as described previously (Katayama et al.,
1978). ESM did not show any toxicity such as decrease
in body-weight or morphological changes of the spleen
and liver at doses up to 2 g/kg.

Statistical analysis
All the values were represented as arithmetic mean ±

SD. One-way ANOVA was used to determine the statistical
significance.

RESULTS AND DISCUSSION

S. miltiorrhiza Bunge, commonly known as Danshen,
has long been used as a traditional Korean medicine for
angina pectoris and the treatment of cardiovascular and
inflammatory diseases (Chang et al., 1986, Koo et al.,
2004). Several active ingredients have been identified that
are effective on the inflammatory animal model (kim et
al., 2002). However, the underlying mechanisms for its
anti-allergic reaction have not been sufficiently elucidated.

Previously, it has been reported that BMMC showed
biphasic PGD2 synthetic responses over time, as well as
COX-1-dependent immediate and COX-2-dependent delay-
ed responses (Murakami et al., 1994). The immediate
PGD2 generation occurring within 2 hours was associated
with the coupling of COX-1. The delayed PGD2 genera-
tion, which occurred after several hours of culturing (2-
10 hours), was associated with the de novo induction and
function of COX-2 after stimulation with particular com-
binations of cytokines and LPS (Murakami et al., 1994).
This cell model appeared to be suitable for analyzing the
effects of 5-LOX inhibitors since the immediate LTC4

generation, elicited by the IgE-dependent or cytokine-
initiated stimulus, occurred in BMMC through 5-LOX
(Murakami et al., 1995). The BMMC system is therefore
widely reported to be useful in the screening processes of

selective COX-2 or 5-LOX and COX-2/5-LOX dual inhi-
bitors from various sources (Moon et al., 1999; Lee et al.,
2004; Son et al., 2005; Son et al., 2006).

When BMMC were activated with the combination of
KL, IL-10, and LPS in the presence or absence of ESM,
the COX-2-dependent phase of PGD2 generation was
inhibited in a dose-dependent manner with an IC50 value
of approximately 3.96 µg/mL, while that of the COX-1-
dependent phase of PGD2 generation was about 21.54 µg/
mL (Fig. 1A & B). The relative value for selectivity was
about 5 fold (IC50 for COX-1/IC50 for COX-2).

Arachidonic acid can also be converted into LTC4 by
the action of 5-lipoxygenase (5-LOX) in BMMC (Murakami
et al., 1995). The inhibition of 5-LOX has been suggested
as the ideal treatment for various allergic diseases and
asthma (Singh et al., 1994). The inhibitory activity of ESM
on the generation of LTC4 in BMMC was thus analyzed
in the present study. Fig. 2 shows that BMMC stimulated
with KL for 15 minutes produced 9.0 ng/mL of LTC4.
Pre-incubation of BMMC with ESM resulted in a dose-
dependent suppression of this LTC4 biosynthesis with an
IC50 value of 2.6 µg/mL (Fig. 2).

Mast cells have long been implicated in the pathology

Fig. 1. Effect of ESM on the generation of COX-1 dependent
PGD2 (A) and COX-2 dependent PGD2 (B) generation.
BMMC were incubated with KL (100 ng/mL), IL-10 (100 U/
mL) and LPS (100 ng/mL) at 37oC for 1 h or 8 h in the
presence or absence of the indicated concentration of ESM.
PGD2 released into the supernatant was quantified using the
EIA kit.



1600 J. H. Yang et al.

and mortality of anaphylaxis and other allergic disorders
by virtue of their ability to be activated through FcεRI
bound antigen-specific IgE and their concentration at
surfaces that interface with the external environment
(Marone et al., 1999; Katz 2002). Mast cells may also be
activated by various cytokines through each cytokine
receptor (Okayama et al., 1995). Activation through any
of these receptors leads to the release of a number of
biologically active molecules through the process of
exocytosis. These molecules include histamine, serotonin,
proteoglycans and neutral proteases, which are stored in
cytoplasmic granules. Histamine is one of the most im-
portant chemical mediators in the pathologic allergic
reaction (Yamaguchi et al., 1999). When mast cells are
activated by various stimuli, the release of histamine
bears a close parallel to that of β-hexosaminidase (β-
Hex), which is a biological marker of the degranulation
reactions. Therefore, the inhibitory activity of ESM on
the degranulation reaction in BMMC was examined. As
shown in Fig. 3, ESM caused a dose-dependent inhibition
of β-Hex release with an IC50 value of 22.4 µg/mL.

In order to test the anti-allergic activity of ESM in vivo,
the effect of ESM on IgE-induced PCA was examined
using a rat model. When 50 mg/kg of ESM was orally
injected an hour prior to the antigen (Ag) challenge, the
PCA reaction was suppressed by approximately 36.4%
and the inhibition was observed in a dose-dependent
manner (Fig 4). Under the same conditions, dexamethasone
(1 mg/kg), which is a steroidal anti-inflammatory drug,
inhibited the PCA reaction by 72.7%. This result clearly
showed that ESM exhibited a potent anti-allergic activity,
but that its inhibitory activity was weaker than that of
dexamethasone. The weak inhibitory effect of oral ad-
ministration of ESM may be attributed to its poor bio-
availability. The precise mechanism for this result is not

understood but it is believed the in vivo anti-allergic
activity of ESM on the PCA reaction is related to the
inhibition of the both PGD2 and LTC4 generation as well
as the inhibition of degranulation reaction in mast cells.
Future studies should be aimed at clarifying the active
compounds and further elucidating the anti-allergic
mechanism of ESM.

Analysis of the chemical composition of ESM by HPLC
showed ESM contains one major compound, salvianolic
acid B, as well as several minor compounds such as
15,16-dihydrotanshinone, tanshinones, and cryptotanshinone
(data not shown). Many groups reported in vitro anti-

Fig. 2. Effect of ESM on the generation of LTC4. BMMC
were pre-incubated for 30 minutes with the indicated
concentrations of ESM and then stimulated with 100 ng/mL
of KL for 15 minutes. LTC4 released into the supernatant was
quantified using the EIA kit.

Fig. 3. Effect of ESM on the release of β-hexosaminidase (β-
Hex). BMMC were pre-incubated for 30 minutes with the
indicated concentrations of ESM and then stimulated with
100 ng/mL of KL for 15 minutes. β-Hex released into the
supernatant cell lysate was measured using a procedure that
has been detailed within the materials and methods section.
All data presented was the arithmetic mean of triplicate
determinations.

Fig. 4. Inhibition of IgE induced PCA reaction by ESM. The
PCA reaction was induced by IgE as described in the
materials and methods section. (A) ESM (25-100 mg/kg) was
orally administered 30 minutes before the antigen challenge.
Dexamethasone was used as the positive control. Data are
presented as arithmetic mean ± SD (n=6). ***: P < 0.001 was
considered to be significantly different from the control
(saline) by one way ANOVA test.
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inflammatory and anti-allergic effect of cryptotanshinone,
15,16-dihydrotanshinone (Ryu et al., 1999; Jin et al.,
2006) Salvianolic acid B (Chen et al., 2006), tanshinones
(Choi et al., 2004; Choi et al., 2004; Jeon et al., 2008),
and rosmarinic acid (Osakabe et al., 2004). From those
reports together with our in vitro and in vivo results, it is
suggest that all theses compounds might contribute to the
potential anti-allergic components of ESM.

The results from this study also provide an additional
rationale for the use of S. miltiorrhiza as a Korean tra-
ditional herb in the treatment of allergy-related disorders.
The apparent lack of significant toxicity of this compound
after oral administration in rats indicated that it could be
used safely in humans within moderate doses.
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