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Ethnopharmacological relevance: The rhizome of Salvia miltiorrhiza Bunge (SM, family Labiatae), which
contains tanshinones as main constituents, has been used as a cardiovascular and anti-inflammatory
agent in Chinese medicine.

Aim of the study: This study aimed to elucidate anti-allergic effects of the root of Salvia miltiorrhiza Bunge
(SM, family Labiatae) and its main constituents, tanshinones, against passive cutaneous anaphylaxis (PCA)
reaction.

?2; ‘:‘Zorild;;ionhiza Materials and methods: PCA reaction was induced by IgE-antigen complex (IAC) in ICR mice. Protein
Labiatae expression of IL-4 and TNF-a in rat basophilic leukemia (RBL)-2H3 cells was performed by enzyme-linked
Tanshinone immunosorbent assay and NF-kB and c-jun (AP-1) activation assayed by immunoblot.

Allergy Results: Tanshinones inhibited the PCA reaction and reduced IL-4 and TNF-a production in mice as well
Anaphylaxis as in IAC-stimulated RBL-2H3 cells. Tanshinones also inhibited NF-kB and AP-1 activation in RBL-2H3

cells stimulated with IAC. Among tested tanshinones, tanshinone I exhibited the most potent inhibition,
followed by 15,16-dihydrotanshinone I, tanshinone IIA and cryptotanshinone.
Conclusions: SM and tanshinones may ameliorate the PCA reaction by inhibiting the allergic cytokines

IL-4 and TNF-a via NF-kB and AP-1 pathways.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Allergic diseases such as asthma, allergic rhinitis, atopic der-
matitis and food allergies represent a rapidly increasing chronic
health problem in most countries (Geha, 2003). Allergic reactions
occur in response to normally harmless environmental substances
known as allergens. However, in some people, severe allergies to
environmental or dietary allergens may result in life-threatening
anaphylactic reactions. Anaphylaxis may be based on IgE-mediated
pharmacological processes in a variety of cell populations, such
as mast cells and basophils (Stevens and Austen, 1989; Wuthrich,
1989). Degranulation of mast cells and basophils, with antigen-
crosslinked IgE, releases histamine, as well as cytokines, especially
tumor necrosis factor (TNF)-a and interleukin (IL)-4 (Bruhns et al.,
2005; Zhao et al., 2005). These cytokines have a critical biologi-
cal role in the allergic reaction. Mast cells are a principal source
of TNF-a in human dermis, and degradation of mast cells in the
dermal endothelium is abrogated by the inhibition of the action
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of TNF-a (Nickoloff, 1991). IL-4 induces IgE production in B cells
and is associated with anaphylaxis (Mitre and Nutman, 2006). The
inhibition of the expression of these cytokines from mast cells and
basophils has been therefore used as a good target for reducing
allergic symptoms.

The rhizome of Salvia miltiorrhiza Bunge (SM, family Labiatae),
which contains tanshinones as main constituents, has been used as
a cardiovascular and anti-inflammatory agent in Chinese medicine
(Yagi and Takeo, 2003; Jang et al., 2006; Fang et al., 2008). SM
and its main constituents, tanshinones, exert their anti-allergic
activities by inhibiting both FceRI-mediated tyrosine phosphory-
lation of ERK and phospholipase Cy2 in mast cells and mast cell
degranulation (Ryu et al., 1999; Choi and Kim, 2004). SM atten-
uates asthma by inhibiting the expression of IL-13 and eotaxin in
rats, showing inhibitory effects synergistic with dexamethasone (Li
et al,, 2006). These results suggest that tanshinones may attenuate
immediate hypersensitivity. Nevertheless, the anti-anaphylactic
and anti-pruritic effects of tanshinones have not been studied thor-
oughly. Neither have the anti-allergic effects of SM nor tanshinones
been studied thoroughly.

As a part of our studies on anti-allergic constituents from natural
medicines, we isolated the main constituents, tanshinone I, tanshi-
none IIA, 15,16-dihydrotanshinone and cryptotanshinone (Fig. 1),
from SM methanol extract, which potently inhibited the passive
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Fig. 1. Structure of tanshinone derivatives isolated from the roots of Salvia miltiorrhiza.

cutaneous anaphylaxis (PCA) reaction stimulated by IgE-antigen
complex (IAC) in our preliminary experiment, and measured their
inhibitory effects against PCA reaction in mice.

2. Materials and methods
2.1. Materials

Dulbecco’s modified Eagles medium (DMEM), fetal bovine
serum, dinitrophenol-human serum albumin (DNP-HSA), ovalbu-
min (OVA), and cremophor EL were purchased from Sigma Co.
(St. Louis, MO, U.S.A.). Azelastine (purity, >98%) was from Enzo
Life Sciences (Farmingdale, NY, U.S.A.). RNeasy® Antibodies for NF-
kB (p-p65 and p65), c-jun, p-c-jun, and B-actin were purchased
from Cell Signaling Technology, Inc. (Danvers, MA, U.S.A.). ELISA
kits for IL-4 and TNF-a were from Pierce Biotechnology (Rockford,
IL, U.S.A.). The chemiluminescence detection kit was from Thermo
Fisher Scientific Inc. (Rockford, IL, U.S.A.).

2.2. Isolation of main constituents, tanshinone derivatives from
Salvia miltiorrhiza

The dried rhizome of Salvia miltiorrhiza (family Labiatae), which
were purchased at Daegoo YangRyung Market, Taegoo, Korea (pro-
duced by China), were identified by one of the authors, K.H. Son.
The voucher specimen (AU-200605) was deposited at the herbar-
ium of Department of Food Science and Nutrition, Andong National
University, Andong, Korea. The dried roots of SM (17.45 kg) were
percolated with methanol three times and concentrated in vacuo
(MeOH extract), and a residue (2.4kg) was suspended in dis-
tilled water and partitioned successively with hexane, CH;Cl,,
EtOAc and butanol (BuOH), to give hexane (48.8 g), CH,Cl, (27.9 g),
EtOAc (212.2 g) and BuOH (149.1 g) soluble fractions, respectively.
A portion of the hexane fraction and CH,Cl, fraction (76.7g)
were chromatographed onsilicagel (11.5 cm x 58 cm, 2.1 kg), using
a graded series of n-hexane and CH,Cl, (100:0, 95:5, 90:10,
85:15, 80:20, 70:30, 2.5L for each gradient) as the elutant to
yield eleven fractions (HC1-HC11) on their polarities. Fraction
HC4 and HC5 were recrystallized with MeOH to give tanshinone
IIA (0.9¢g) and tanshinone I (1.2g). Also fractions HC 8-10 (2g)
were rechromatographed on a silica gel column (3.8 cm x 62 cm,
300¢g), eluted with hexane-CH,Cl, (4:6-6:4, 1.5L) to give six
subfractions (HC8.1-HC8.6). HC8.3 and HC8.5 were recrystal-
lized with MeOH enabled the isolation of pure cryptotanshinone
(80mg) and 15,16-dihydrotanshinone I (70 mg), respectively. The
structure of tanshinone IIA, tanshinone I, cryptotanshinone, 15,16-
dihydrotanshinone [ were verified by comparison of the NMR data
with those of the previously reported literatures (Kang et al., 1997;
Ryu et al.,, 1997).

Tanshinone I. Brown needles (purity, >98%). C1gH1203 (M.W.
276). mp 240-241°C. IR Viax cm~! 3433-3257 (OH), 1671 (C=0).
UV Amax MeOH nm (loge) 416 (3.82), 244 (4.71). EI-MS (m/z): 276
[M]*.

Tanshinone IIA. Reddish orange needles (purity, >95%). C;9H1303
(M.W. 294). mp 215-216°C. IR Vimax cm~! 3421-3257 (OH), 1671
(C=0),1193 (C-0). UV Amax MeOH nm (log £) 457 (3.60), 352 (3.39),
268 (4.59), 222 (4.51). EI-MS (m/z): 194 [M]*.

Cryptotanshinone. Orange needles (purity, >95%). Ci9H2003
(M.W.296). mp: 191 °C.IR Vipax cm~13431-3273 (OH), 1653 (C=0),
1624, 1558, 1507 (C=C), 1194 (C-0). UV Amax MeOH nm (log &) 445
(3.55), 356(3.54), 262(4.54), 217(4.40). EI-MS (m/z): 296 [M]*.

15,16-dihydrotanshinone I. Red needles (purity, >95%). C1gH1403
(M.W. 278). mp 224-225°C. IR Vinax cm~! 3421-3256 (OH), 1684
(C=0),1622,1508 (C=C), 1192 (C-0). UV Amax MeOH nm (log £) 409
(3.72), 331 (3.61), 290 (4.31), 240 (4.50), 215 (4.42). EI-MS (m/z):
278 [M]*.

2.3. Animals

The male ICR mice (5-week-old, 20-25 g) were supplied from
Orient Experimental Animal Breeding Center (Seoul, Korea). All ani-
mals were housed in wire cages at 20-22 °C and 50 + 10% humidity,
fed standard laboratory chow (Orient Experimental Animal Breed-
ing Center) and allowed water ad libitum. All experiments were
performed in accordance with the NIH and Kyung Hee University
guidelines for Laboratory Animal Care and Use and approved by
the Committee for the Care and Use of Laboratory Animals in the
College of Pharmacy, Kyung Hee University.

2.4. Assay of the PCA reaction

An IgE-dependent cutaneous reaction was measured according
to the method of Choo et al.(2003). Male ICR mice were divided into
groups of 6 mice [vehicle-treated (normal control), and IgE-antigen
complex in the presence or absence of test agents (tanshinone I at
doses of 10, 20 and 50 mg/kg; tanshinone IIA at doses of 20 mg
and 50 mg/kg; 15,16-dihydrotanshinone at doses of 10, 20 and
50 mg/kg); or cryptotanshinone at doses of 20 and 50 mg/kg] and
all groups were intradermally injected with 10 g of anti-DNP IgE
into each of two dorsal skin sites that had been shaved 48 h earlier.
The sites were outlined with a water-insoluble red marker. Forty-
eight hours later each mouse received an injection of 200 p.L of 3%
Evans blue in PBS, containing 200 j.g of DNP-HSA, via the tail vein.
The test agents were orally administered 1 h prior to the DNP-HSA
injection. Thirty min after the DNP-HSA injection, the mice were
sacrificed, their dorsal skins removed and the pigmented area mea-
sured. After extraction with 1 mL 1.0 M KOH and 4 mL of a mixture
of acetone and 0.2 M phosphoric acid (13:5), the amount of dye was
determined colorimetrically at 620 nm.

2.5. Enzyme-linked immunosorbent assay (ELISA) and
immunoblot

Prior to the enzyme-linked immunoassay (ELISA) for IL-4 and
TNF-a in IgE-injected mouse dorsal skin, Evans blue dye was not
added to the PCA reaction assay, and IgE-injected dorsal skin was
removed and homogenized. The supernatant was transferred into
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Fig. 2. Effect of Salvia miltiorrhiza (SM) and its constituents, tanshinones, on the
passive cutaneous anaphylaxis (PCA) reaction induced by IgE-antigen complex in
ICR mice. The amounts of extravasated Evan blue from the dorsal skin (1 cm x 1cm)
of IgE-antigen complex-treated (IAC) and vehicle-treated normal (NC) groups were
25+4 and 8 + 3 g, respectively. Each test agents (IAC, vehicle alone; SM, 50 mg/kg
(50) and 100mg/kg (100) of SM extract; TI, 10 mg/kg (10), 20mg/kg (20) and
50 mg/kg (50) tanshinone I; TIIA, 10 and 50 mg/kg tanshinone IIA; DT, 10, 20 and
50 mg/kg 15,16-dihydrotanshinone I; CT, 10 and 50 mg/kg cryptotanshinone; AZ,
10 mg/kg azelastine) in 5% cremophor or vehicle alone were orally administered
to mice 1 h before IAC treatment. Inhibition values indicate the mean=+S.D. (n=6).
abcdeThose with the same letter are not different at P<0.05.

96-well (ELISA) plates, and IL-4 and TNF-a concentrations were
determined using commercial ELISA kits.

The enzyme-linked immunoassays for IL-4 and TNF-a in RBL-
2H3 cells were performed by the method of Choo et al. (2003).
Briefly, the previously cultured RBL-2H3 cells (5 x 10° cells) were
treated with 0.5 wg/mL of mouse monoclonal IgE for sensitiza-
tion of cells. The cells (1.8 mL) were exposed to 0.2mL of test
agents for 1h (for immunoblot) or 4h (for ELISA), followed by
the treatment with 0.2 mL of DNP-HSA (1 pg/mL) for 40 min at
37°C.The supernatant (50 L) was transferred into 96-well (ELISA)
plates and then IL-4 and TNF-a concentrations were determined
using commercial ELISA Kits. The immunoblot analysis for NF-kB
[phospho-p65 (p-p65) and p65], c-jun, p-c-jun and [3-actin was
performed according to the method of Lee et al. (2008). Briefly,
the protein fractions were subjected to electrophoresis on 10%
sodium dodecyl sulfate-polyacrylamide gel and then transferred
to a nitrocellulose membrane. NF-kB (p-p5 and p65), phospho-c-
Jun (p-c-jun), and c-jun were assayed using their corresponding
antibodies. Immunodetection was carried out using an enhanced
chemiluminescence detection kit. Their intensities were quantified
by scanning densitometry.

The cytotoxicity of tanshinones against RBL-2H3 cells was
assayed by SRB method (Gu and DeAngelis, 2005).

2.6. Statistical analysis

All the data were expressed as the mean =+ standard deviation,
and statistical significance was analyzed by one-way ANOVA fol-
lowed by Student-Newman-Keuls test.

3. Results

As a part of our studies on anti-allergic constituents from natu-
ral medicines, we isolated the main constituents from SM methanol
extract and measured their inhibitory effect against PCA reaction
in mice (Fig. 2). Tanshinones potently inhibited the IAC-stimulated
PCA reaction. Tanshinone I at a dose of 50 mg/kg showed the most

potent inhibition (59%), followed by 15,16-dihydrotanshinone I
(49%), tanshinone II1A (35%) and cryptotanshinone (32%). These tan-
shinones also inhibited IL-4 and TNF-a expression, although the
effect of 15,16-dihydrotanshinone I could not be measured due to
its shortage (Fig. 3). Among these tanshinones, tanshinone I inhib-
ited the expression most potently, followed by tanshinone IIA and
cryptotanshinone. Tanshinone I (50 mg/kg) inhibited IL-4 and TNF-
« expression by 89% and 71%, respectively.

When their inhibitory effects against IL-4 and TNF-a in
IAC-stimulated rat basophilic leukemia (RBL)-2H3 cells were
investigated using an ELISA (Fig. 4), tanshinone I and 15,16-
dihydrotanshinone I potently inhibited IL-4 expression, followed
by and tanshinone IIA. Tanshinone [ and 15,16-dihydrotanshinone
I (50 M) inhibited IL-4 by 65% and 63% and TNF-a expression
by 42% and 41%, respectively. These tanshinones also inhibited
the activation of transcription factor NF-kB and c-jun in IAC-
stimulated RBL-2H3 cells. Among tested tanshinones, tanshinone
I and 15,16-dihydrotanshinone I potently inhibited the activation
of transcription factors NF-«kB and c-jun. However, at 50 wM, these
tanshinones did not show cytotoxicity against RBL-2H3 cells.
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Fig. 3. Effect of tanshinones on IL-4 (A) and TNF-a expression (B) in IgE-antigen
complex-treated mice. The amounts of IL-4 and TNF-a in the dorsal skin
(1cm x 1cm) of the control group stimulated with IgE-antigen complex (IAC) in
the presence or absence of test agents and vehicle-treated normal (NC) groups
were determined by ELISA. Each test agent (IAC, vehicle alone; TI, 20 mg/kg (20)
and 50 mg/kg (50) tanshinone I; TIIA, 20 and 50 mg/kg tanshinone IIA; CT, 20 and
50 mg/kg cryptotanshinone; AZ, 10 mg/kg (10) azelastine) in 5% cremophor or vehi-
cle was orally administered to mice 1h before IAC treatment. Inhibition values
indicate the mean+S.D. (n=6). 2><dThose with the same letter are not different
at P<0.05.
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Fig. 4. Effect of tanshinones on the protein expression of IL-4 and TNF-a and activa-
tion of NF-kB AP-1 in RBL-2H3 cells induced by IgE-antigen complex. RBL-2H3 cells
(5 x 10° cells) were treated with 0.5 wg/mL of mouse monoclonal IgE, and exposed
to 0.2mL of each test agent (IAC, vehicle alone; TI, 10 uM (10), 20 wM (20) and
50 uM (50) tanshinone I; TIIA, 10, 20 and 50 wM tanshinone 1IA; DT, 10, 20 and
50 M 15,16-dihydrotanshinone I; CT, 10, 20 and 50 wM cryptotanshinone; De,
10 wM dexamethasone) in 0.5% DMSO or vehicle alone for 1h (for immunoblot)
or 4h [for enzyme-linked immunoassay (ELISA)], followed by the treatment with
0.2 mL of dinitrophenol-human serum albumin (1 pg/mL) for 4 h (protein expres-
sion)at 37 °C. Normal group (NC) was treated with vehicle alone instead of agent and
IgE-antigen complex. (A) Effect in IL-4 expression. (B) Effect in TNF-a expression.
These cytokines were determined by ELISA. (C) Effect in NF-kB and c-jun (AP-1) acti-
vation. These transcription factors, NF-kB (p-p65 and p65), p-c-jun and c-jun, were
assayed by immunoblot analysis. (D) Relative intensities of activated NF-kB (open
column) and AP-1 (closed column) for B-actin. These intensities were quantified by
scanning densitometry. Values represent the mean + S.D. for triplicate experiments.
abcdeThose with the same letter are not different at P<0.05.

4. Discussion

Mast cells and basophils are critical participants in allergic
diseases (Stevens and Austen, 1989). These cells express sur-
face membrane receptors with high affinity and specificity for
IgE, which is induced by IL-4 (Mitre and Nutman, 2006). The
interaction of antigen-bound IgE with surface membrane recep-
tors causes the release of histamine, prostaglandins, leukotrienes,
and cytokines. These cytokine-induced reactions then cause tis-
sue inflammation, anaphylaxis, and scratching behavior. TNF-q,
whichisreleased from mast cells, is an important cytokine involved
in systemic inflammation, and dysregulation of TNF-a produc-
tion has been implicated in a variety of human diseases. The
biosynthesis of these cytokines is regulated by the transcription
factor NF-kB (Nickoloff, 1991; Zhao et al., 2005). Anti-allergic
agents, such as anti-histamines, steroids and immunosuppres-
sants, have been used to treat allergic diseases, including atopic
dermatitis, asthma, itching and food allergies (Simons, 1992;
Schafer-Korting et al., 1996; Sakuma et al., 2001), but improv-
ing these diseases is very difficult. And these drugs have side
effects, such as osteoporosis and kidney dysfunction. Therefore,
herbal medicines have been advanced for allergic diseases, and
their effectiveness has received increasing attention (Yang et
al., 2001). In the present study, SM methanol extract and its
main constituents, tanshinones, inhibited the PCA reaction as
well as IL-4 and TNF-a expression in IAC-treated mice. These
tanshinones also inhibited the protein expression of the proin-
flammatory cytokine TNF-a and IgE-switching cytokine IL-4, as
well as NF-kB and c-jun (AP-1) activation, in IAC-stimulated
RBL-2H3 cells. These transcription factors NF-kB and AP-1
regulate TNF-a and IL-4 expression, respectively (Zhao et al.,
2005; Hirano et al., 2006). These results were supported by the
previous report that SM exhibits anti-inflammatory effects by
attenuating cyclooxygenase-2 via the inhibition of NF-kB acti-
vation in intestinal epithelial cells as well as cyclooxygenases
in bone marrow-derived mast cells (Kim et al., 2002, 2005). Its
main constituent tanshinone IIA also exhibit anti-inflammatory
effect by inhibiting NF-kB activation (Jang et al., 2006). Among
tested tanshinones, tanshinone I and 15,16-dihydrotanshinone I
showed the potent inhibition against PCA reaction. Tanshinone IIA,
which is 4-methyl-1,2,3,4-tetrahydro-tanshinone I, weakly inhib-
ited PCAreaction and allergic cytokines, IL-4 and TNF-a, expression.
However, cryptotanshinone, which is 4-methyl-1,2,3,4,15,16-
hexahydro-tanshinone I, did not inhibit PCA reaction and showed
the weak inhibition in allergic cytokines, IL-4 and TNF-«, expres-
sion. Thus, the hydrogenation at 1, 2, 3, 4, 15 and 16 positions and
methylation at 4 position in tanshinone I attenuated the anti-PCA
reaction effect. The hydrogenation at 1, 2, 3 and 4 positions and
methylation at 4 position in tanshinone I significantly attenuated
the anti-allergic effects rather than the hydrogenation at 15 and 16
positions. These results suggest that the 1, 2, 3 and 4 positions of
tanshinone I may be the active site for the PCA reaction-inhibitory
effect.

Based on these findings, SM, particularly tanshinone I, may
improve allergic reactions such as anaphylaxis by inhibiting the
expression of the IgE-switching cytokine IL-4 and the proinflam-
matory cytokine TNF-a via the NF-kB and AP-1 pathways.

Acknowledgements

This study was financially supported by the research fund of
Studies on the Identification of the Efficacy of Biological Active
Components from Oriental Herbal Medicines for Korean Food and
Drug Administration (2005).



348 H.T. Trinh et al. / Journal of Ethnopharmacology 132 (2010) 344-348

References

Bruhns, P., Fremont, S., Daeron, M., 2005. Regulation of allergy by Fc receptors.
International Archives of Allergy and Immunology 17, 662-669.

Choi, H.S., Kim, K.M., 2004. Tanshinones inhibit mast cell degranulation by interfer-
ing with IgE receptor-mediated tyrosine phosphorylation of PLCgamma2 and
MAPK. Planta Medica 70, 178-180.

Choo, M.K,, Park, E.K., Han, M.]., Kim, D.H., 2003. Antiallergic activity of ginseng and
its ginsenosides. Planta Medica 69, 518-522.

Fang,Z.Y.,Lin, R, Yuan, B.X,, Yang, G.D., Liu, Y., Zhang, H., 2008. Tanshinone IIA down-
regulates the CD40 expression and decreases MMP-2 activity on atherosclerosis
induced by high fatty diet in rabbit. Journal of Ethnopharmacology 115,217-222.

Geha, R.S., 2003. Allergy and hypersensitivity: nature versus nurture in allergy and
hypersensitivity. Current Opinion in Immunology 15, 603-608.

Gu, B., DeAngelis, L.M., 2005. Enhanced cytotoxicity of bioreductive antitumor
agents with dimethyl fumarate in human glioblastoma cells. Anticancer Drugs
16, 167-174.

Hirano, T., Higa, S., Arimitsu, ]., Naka, T., Ogata, A., Shima, Y., Fujimoto, M., Yamadori,
T., Ohkawara, T., Kuwabara, Y., Kawai, M., Matsuda, H., Yoshikawa, M., Maezaki,
N., Tanaka, T., Kawase, 1., Tanaka, T., 2006. Luteolin, a flavonoid, inhibits AP-1
activation by basophils. Biochemical Biophysical Research Communication 340,
1-7.

Jang, S.I,, Kim, HJ., Kim, Y., Jeong, S.I,, You, Y.O., 2006. Tanshinone IIA inhibits LPS-
induced NF-kappaB activation in RAW 264.7 cells: possible involvement of the
NIK-IKK, ERK1/2, p38 and JNK pathways. European Journal of Pharmacology 542,
1-7.

Kang, H.S., Chung, H.Y., Jung, J.H., Kang, S.S., Choi, ].S., 1997. Antioxidant effect of
Salvia miltiorrhiza. Archives of Pharmacal Research 20, 496-500.

Kim, S.Y., Moon, T.C., Chang, H.W., Son, K.H., Kang, S.S., Kim, H.P., 2002. Effects of tan-
shinone lisolated from Salvia miltiorrhiza bunge on arachidonic acid metabolism
and in vivo inflammatory responses. Phytotherapy Research 16, 616-620.

Kim, ].S., Narula, A.S., Jobin, C., 2005. Salvia miltiorrhiza water-soluble extract, but
not its constituent salvianolic acid B, abrogates LPS-induced NF-kappaB sig-
naling in intestinal epithelial cells. Clinical & Experimental Immunology 141,
288-297.

Lee, H.S., Han, S.Y., Bae, E.A,, Huh, CS., Ahn, Y.T., Lee, ].H., Kim, D.H., 2008. Lactic
acid bacteria inhibit proinflammatory cytokine expression and bacterial gly-

cosaminoglycan degradation activity in dextran sulfate sodium-induced colitic
mice. International Immunopharmacology 8, 574-580.

Li, D., Xiong, S.D., Du, D.B., 2006. Inhibitory effects of Salvia miltiorrhiza injection
coordinated with dexamethasone on interleukin-13 and eotaxin expression in
lung of asthmatic rats. Zhongguo Zhong Xi Yi Jie He Za Zhi 26, 1007-1010.

Mitre, E., Nutman, T.B., 2006. Basophils, basophilia and helminth infections. Chem-
ical Immunology and Allergy 90, 141-156.

Nickoloff, B.J., 1991. The cytokine network in psoriasis. Archives of Dermatology 127,
871-884.

Ryu, S.Y., No, Z., Kim, S.H., Ahn, . W., 1997. Two novel abietane diterpenes from Salvia
miltiorrhiza. Planta Medica 63, 44-46.

Ryu, S.Y., Oak, M.H., Kim, K.M., 1999. Inhibition of mast cell degranulation by tan-
shinones from the roots of Salvia miltiorrhiza. Planta Medica 65, 654-655.

Sakuma, S., Higashi, Y., Sato, N., Sasakawa, T., Sengoku, T., Ohkubo, Y., Amaya, T.,
Goto, T., 2001. Tacrolimus suppressed the production of cytokines involved in
atopic dermatitis by direct stimulation of human PBMC system (comparison
with steroids). International Immunopharmacology 1, 1219-1226.

Schafer-Korting, M., Schmid, M.H., Korting, H.C., 1996. Topical glucocorticoids
with improved risk-benefit ratio. Rationale of a new concept. Drug Safety 14,
375-385.

Simons, F.E.R,, 1992. The antiallergic effects of antihistamines. Journal of Allergy and
Clinical Immunology 90, 705-715.

Stevens, R.L.,, Austen, K.F., 1989. Recent advances in the cellular and molecular biol-
ogy of mast cells. Immunology Today 10, 381-386.

Wauthrich, B., 1989. Epidemiology of the allergic diseases: are they really on the
increase? International Archives of Allergy and Immunology 90 (Suppl. 1), 3-10.

Yagi, A., Takeo, S., 2003. Anti-inflammatory constituents, aloesin and aloemannan in
Aloe species and effects of tanshinone VIin Salvia miltiorrhiza on heart. Yakugaku
Zasshi 123, 517-532.

Yang, S.H., Hong, C.Y., Yu, C.L, 2001. Decreased serum IgE level, decreased IFN-
gamma and IL-5 but increased IL-10 production, and suppressed cyclooxygenase
2 mRNA expression in patients with perennial allergic rhinitis after treatment
with a new mixed formula of Chinese herbs. International Immunopharmacol-
ogy 1,1173-1182.

Zhao, W., Oskeritzian, C.A., Pozez, A.L., Schwartz, L.B., 2005. Cytokine production by
skin-derived mast cells: endogenous proteases are responsible for degradation
of cytokines. Journal of Immunology 175, 2635-2642.



	Tanshinones isolated from the rhizome of Salvia miltiorrhiza inhibit passive cutaneous anaphylaxis reaction in mice
	Introduction
	Materials and methods
	Materials
	Isolation of main constituents, tanshinone derivatives from Salvia miltiorrhiza
	Animals
	Assay of the PCA reaction
	Enzyme-linked immunosorbent assay (ELISA) and immunoblot
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


