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This study examnined the effects of tanshinone derivatives (tanshinone |, cryptotanshinone,
15,16-dihydrotanshinone I) on prostaglandin (PG) and nitric oxide (NO) metabolism in an
attempt to establish their anti-inflammatory mechanisms and to present a scientific rationale for
the use of Salvia miltiorrhiza (danshen) in inflammatory conditions. From lipopolysaccharide-
treated RAW 264.7 cells, cyclooxygenase-2 (COX-2)-mediated PGE, production was inhibited
by tanshinone |, cryptotanshinone and 15,16-dihydrotanshinone |, while only cryptotanshinone
and 15,16-dihydrotanshinone | inhibited inducible NO synthase (iNOS)-mediated NO synthe-
sis at 1-50 uM. Particularly, cryptotanshinone was found to be a down-regulator of proinflam-
matory molecule expression, including COX-2 and iNOS. The electrophoretic mobility shift
assay showed that cryptotanshinone and 15,16-dihydrotanshinone | also inhibited the activa-
tion of the transcription factors, such as nuclear transcription factor-kB and activator protein-1.
Moreover, cryptotanshinone exhibited in vivo anti-inflammatory activity against carrageenan-
induced paw edema in rats. Overall, these results provide additional scientific rationale for the
anti-inflammatory use of danshen in Chinese medicine. Especially, cryptotanshinone and
15,16-dihydrotanshinone | are important constituents.

Key words: Salvia miltiorrhiza Bunge, Tanshinone, Cryptotanshinone, 15,16-Dihydrotanshi-
none, Cyclooxygenase, Inducible nitric oxide synthase, Anti-inflammation

INTRODUCTION

Among the chemical mediators of inflammation, pro-
staglandins (PG) and nitric oxide (NO) are important for
provoking and maintaining an inflammatory condition. In
particular, cyclooxygenase-2 (COX-2) and inducible nitric
oxide synthase (INOS) expressed by certain inflammatory
signals are the enzymes responsible for producing large
amounts of proinflammatory PGs and NO, respectively
(Gallin and Snyder, 1999). Therefore, an interference of
these enzymatic pathways may have an anti-inflammatory
effect. In this respect, many candidates for anti-inflam-
matory agents need to be evaluated for their effects on
the PG and NO metabolism.
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The roots of Salvia miltiorrhiza Bunge Labiatae (danshen)
and a related species, Salvia officinalis, have been used
in folk medicine for treating several inflammatory diseases
including rheumatism (Duke and Ayensu, 1985; Kintzios,
2000; Bae, 2000). As its major constituents, tanshinones
were previously demonstrated to possess anti-inflammatory
and antiallergic activities. For example, tanshinones inhi-
bited mast cell degranulation (Ryu et al., 1999; Choi and
Kim, 2004), suggesting their anti-allergic action. In immune
cells, tanshinones inhibited IL-12 and IFN-y production
(Kang et al., 2000). Our group showed that tanshinone |
has in vivo anti-inflammatory activity and inhibits PGE,
production from lipopolysaccharide (LPS)-treated RAW
264.7 cells, but it did not affect COX-2. Instead, this com-
pound was suggested to be a phospholipase A, inhibitor
(Kim et al., 2002). It was also reported that tanshinone 1A
inhibits INOS expression from the activated RAW 264.7
cells (Jang et al., 2003). Choi et al. (2004) examined the
effects of four tanshinones on NO production from LPS-
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treated RAW 264.7 cells. They claimed that tanshinone IIA,
cryptotanshinone and 15,16-dihydrotanshinone | reduced
the level of NO production. Among the derivatives, crypto-
tanshinone was demonstrated to reduce iINOS expression.
They have also reported that tanshinone IIA inhibits the
nuclear translocation of nuclear transcription factor-xB
(NF-xB) and cryptotanshinone inhibits the activation of
extracellular signal-regulated kinase (ERK). In addition,
cryptotanshinone was reported to inhibit COX-2 activity in
arachidonic acid-stimulated insect sf-9 cells without affect-
ing its expression (Jin et al., 2006). However, these previous
reports are far from complete. The effects of tanshinones
on the signal transduction pathways are not completely
understood. Furthermore, the effects of 15,16-dihydro-
tanshinone | on COX-2 have not been described. Therefore,
this study examined the effects of tanshinones on PG and
NO metabolism to determine their anti-inflammatory cellular
mechanisms and to provide scientific rationale of the use
of danshen in inflammatory condition.

MATERIALS AND METHODS

Chemicals

N-[2-cyclohexyloxy-4-nitrophenylmethane sulfonamide
(NS-398) was obtained from Biomol (Plymouth Meeting,
PA). 2-Amino-5,6-dihydro-6-methyl-4H-1,3-thiazine hydro-
chloride (AMT) was purchased from Tocris Cookson Ltd.
(UK). 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), LPS (Escherichia coli 0127:B8) and A-
carrageenan were purchased from Sigma Chem. (St
Louis, MO). DMEM and other cell culture reagents includ-
ing fetal bovine serum (FBS) were products of Gibco BRL
(Grand Island, NY). Protein assay kit was purchased from
Bio-Rad Lab. (Hercules, CA).

Isolation of tanshinones

The dried roots of Salvia miltiorrhiza (17.5 Kg) were
percolated with methanol three times and the extract was
concentrated in vacuo. The dried residue (2.4 Kg) was
suspended in H,O and partitioned successively with
hexane, CH,Cl,, EtOAc and n-butanol, to give hexane
(48.8 g), CH.CI, (27.9 g), EtOAc (212.2 g), and n-butanol
(149.1 g) soluble fractions, respectively. A portion of the
hexane fraction and CH,CI, fraction (76.7 g) were sub-
jected to a silica gel column chromatography, eluted with
a stepwise gradient of hexane:CH,Cl, to yield eleven
fractions (HC1~HC11) on their polarities. Fraction HC5
was recrystallized with methanol to give tanshinone | (Fig.
1). Fractions HC8~10 (2 g) were rechromatographed on a
silica gel column, eluted with hexane:CH,Cl, (4:6~6:4) to
give three subfractions (HC8.1~HC8.6). HC8.3 and H8.5
were recrystallized with methanol enabled the isolation of
pure cryptotanshinone and 15,16-dihydrotanshinone | (Fig.
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Fig. 1. Chemical structures of tanshinones used in this study

1), respectively. The structure of tanshinone I, cryptotans-
hinone, and 15,16-dihydrotanshinone | were verified by
comparison of the NMR data with those of the reported in
literature (Kang et al., 1997; Ryu et al., 1997). Test com-
pounds dissolved in DMSO were diluted with serum-free
DMEM into appropriate concentrations. Final concentra-
tion of DMSO in the culture medium was adjusted to 0.1%
(V/v).

RAW 264.7 cell culture and measurement of NO
and PGE, concentrations

RAW 264.7 cells obtained from American Type Culture
Collection (ATCC, Rockville, MD) were cultured in DMEM
supplemented with 10% FBS and 1% antibiotics under
5% CO, at 37°C based on the previously described pro-
cedures (Chi et al., 2001). Briefly, cells were plated in 96-
well plates (2 x 10° cells/well). After pre-incubation for 2 h,
the test compounds and LPS (1 mg/mL) were added and
the cells were incubated further for 24 h. Cell viability was
assessed with MTT assay as described previously
(Mossman, 1983). From the culture medium, NO and PGE,
concentrations were measured. For determination of NO
concentration, the stable conversion product of NO, nitrite
(NOy), was measured using Griess reagent [1:1 mixture
(vIv) of 1% sulfanilamide and 0.1% naphthylethylenediamine
dihydrochloride in 5% H;PO,]. Medium (100 ulL) and
Griess reagent (100 uL) were mixed in the 96-well plates
and left for 10 min. Optical density was checked at 550
nm. PGE, concentration in the medium was measured
using ELISA kit for PGE, (Cayman Chem. Co., Ann Arbor,
MI) according to the manufacturer's recommendation.
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Western blot of COX-2 and iNOS

For measuring the protein level of COX-2 and iNOS,
Western blotting technique was used (Chi et al., 2001).
RAW 264.7 cells were cultured in 6-well plates (5 x 108
cells/well) in the presence or absence of LPS (1 ug/mL)
with/without the test compounds for 20 h. The cells were
washed, harvested, and homogenized. And the supernatant
was obtained by centrifugation at 15,000 g for 30 min.
Using Tris-glycine gel (4-15%, Novex Lab., San Diego,
CA), electrophoresis was carried out and the bands were
blotted to PVDF membranes. COX-2 antibody (160106,
Cayman Chem.) and iNOS antibody (610332, Transduction
Lab., Franklin Lakes, NJ) were incubated and bands were
visualized by the treatment of secondary antibody and
DAB reagent (Vector Lab., Burlingame, CA).

Electrophoretic mobility shift assay (EMSA)

Test samples were pre-incubated in RAW 264.7 cells
without LPS for 2 h. LPS was added and the cells were
incubated further for 30 min. Nuclear extracts from RAW
264.7 macrophages were prepared as previously described
(Kim et al., 1995). EMSA was analyzed by gel shift assay
system (Promega, Madison, WI). Briefly, NF-kB and acti-
vator protein-1 (AP-1) consensus oligo nucleotides (Pro-
mega, Madison, WI) were phosphorylated by T4 polynu-
cleotide kinase with 10 pCi of [y->2P] ATP (3,000 Ci/mmol) at
37°C for 10 minutes. Unincorporated oligonucleotides were
removed by Microspin G-25 column (Amersham, UK).
Nuclear extract containing 5 ug protein was incubated with
[*?P]-labeled NF-xB and AP-1 consensus oligonucleotides
in gel shift binding buffer at room temperature for 20
minutes. The incubation mixture was subjected to electro-
phoresis on a 4% polyacrylamide gel in 0.5 x TBE buffer
at 350 V. The gel was dried and exposed to X-ray film
overnight at -70°C.

A-Carageenan (CGN)-induced paw edema in rats

In order to examine in vivo anti-inflammatory activity, rat
CGN-induced paw edema assay was used with slight
modification of Winter et al. (1962). Specific-pathogen free
male SD rats (150-200 g) were purchased from Orient Bio
(Seoul, Korea) and acclimatized in animal facility with lab.
chow and water ad libitum at least for 7 days prior to ex-
periment. Cryptotanshinone or reference compound dis-
solved in DMSO (0.1 mL/rat) was administered intraperi-
toneally. One hour later, 1% CGN (w/v) dissolved in pyrogen-
free sterile saline solution (0.1 mL/paw) was injected to
right hind paw and, after 5 h, paw volume was measured
using plethysmometer (Ugo Basil, Italy). The paw volume
increased from the initial non-treated paw volume was
regarded as edema.
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Statistical analysis

Experimental values were represented as arithmetic
mean = SD. One-way ANOVA followed by Dunnet’s test
was used to determine the statistical significance.

RESULTS

COX-2 and iINOS were induced from LPS-treated RAW
264.7 cells to produce high amount of PGE, and NO,
respectively. In a typical experiment, PGE, concentration
increased to 43.8 + 0.2 nM from the basal level of 3.1
0.1 nM. NO concentration also increased to 35.1 + 0.2 uM
from the basal level of 0.4 + 0.1 uM after 24 h incubation
with LPS (1 ug/mL). Under this condition, the cells were
treated concomitantly with the test compounds and LPS,
and incubated for 24 h. As shown in Fig. 2a, tanshinones
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Fig. 2. Effects of tanshinones on COX-2-mediated PGE, and iNOS-
mediated NO production from LPS-treated RAW 264.7 cells. (a) Effects
on PGE; production. (b) Effects on NO production. Tanshinone | (@),
cryptotanshinone (W), 15,16-dihydrotanshinone | (V), t: P < 0.01,
Significantly different from the LPS-treated control group (n = 3).
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Fig. 3. Effects of tanshinones on COX-2 and iNOS expression and transcription factor activation from LPS-treated RAW 264.7 cells. (a) Western
blotting analysis of COX-2 and iNOS expression. Control (C), prednisolone (P), tanshinone I (Tl), cryptotanshinone (CT), 15,16-dihydrotanshinone |
(DT), (b) EMSA of NF-kB activation. (c) EMSA of AP-1 activation. Lane 1: control, lane 2: LPS-treated control, lane 3: LPS + CT (50 uM), lane 4:
LPS + CT (10 uM), lane 5: LPS + DT (50 uM), lane 6: LPS + DT (10 uM), lane 7: LPS + specific competitor.

more or less inhibited COX-2-mediated PGE, production.
The ICs values for tanshinone |, cryptotanshinone, and
15,16-dihydrotanshinone | were found to be > 50.0, 3.9,
and 4.5 uM, respectively, with cryptotanshinone being the
most potent. Against iINOS-mediated NO production,
cryptotanshinone and 15,16-dihydrotanshinone | showed
strong inhibition with the IC5, values of 19.3 and 8.8 uM,
respectively, while tanshinone | did not significantly inhibit
NO production at the concentrations up to 50 uM (Fig.
2b). As expected, the reference compounds, NS-398 (COX-
2 inhibitor) and AMT (iNOS inhibitor) potently inhibited
PGE, and NO production (> 90% inhibition) at 1 uM,
respectively.

The expression of COX-2 and iINOS was examined to
determine the cellular mechanism for the inhibition of
PGE, and NO production. As shown in Fig. 3a, crypto-
tanshinone clearly down-regulated COX-2 and iNOS ex-
pression at 50 uM, while 15,16-dihydrotanshinone | inhi-
bited COX-2 expression at 5-10 uM without down-regula-

tion of INOS. As expected, tanshinone | did not affect
COX-2 expression. The cytotoxic effect of these compounds
on RAW 264.7 cells was examined using MTT assay. None
of the test compounds affected the cell viability under the
experimental conditions except for 15.16-dihydrotans-
hinone | (data not shown). 15,16-Dihydrotanshinone | at
concentrations 25 uM showed some cytotoxicity against
RAW 264.7 cells in the 6-well plate culture after 20 h
incubation for Western blotting analysis. Therefore, the
concentrations of 5 and 10 uM 15,16-dihydrotanshinone |
were used to examine the expression level. Under this
condition, iINOS down-regulating property of 15,16-dihy-
drotanshinone | could not be observed. EMSA analysis
showed that cryptotanshinone and 15,16-dihydrotanshinone
| inhibited NF-xB and AP-1 activation at 50 uM (Fig. 3b
and 3c), suggesting that these tanshinones inhibit both
COX-2-mediated PGE, and iNOS-mediated NO produc-
tion, at least in part, by inhibiting the activation of these
transcription factors leading to down-regulation of the
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Table I. Inhibition of A-carrageenan (CGN)-induced paw edema in
rats by cryptotanshinone

Compounds (nqgﬁ%) Increasec(inpq)SN volume % inhibition
CGN 1.58 £0.19 -
Indomethacin 20 0.96 +0.27* 39.1
Cryptotanshinone 20 1.20 £ 0.18* 242

All compounds were intraperitoneally administered.
*: P<0.05, Significantly different from the CGN-treated control group (n
=5).

expression of certain inducible proinflammatory enzymes,
such as COX-2 and iNOS. From these results, it was
suggested that 15,16-saturated bond in the chemical
structures of tanshinones is important for down-regulating
the expression of proinflammatory molecules.

In addition, cryptotanshinone showed in vivo anti-inflam-
matory activity against CGN-induced paw edema in rats
by intraperitoneal injection (Table 1).

DISCUSSION

The present study clearly demonstrates that all the
tanshinone derivatives tested had anti-inflammatory activity
with some different cellular action mechanisms depending
on their chemical structures. Particularly, cryptotanshinone
down-regulated the expression of proinflammatory mole-
cules including COX-2 and iNOS. This compound and
and 15,16-dihydrotanshinone | also inhibited the activation
of the transcription factors, such as NF-«kB and AP-1. Since
the previous investigations have revealed that inhibition of
NF-xB and AP-1 activation was closely related with COX-
2 and iNOS down-regulation in LPS-treated RAW 264.7
cells (Kim et al., 1995; Suh et al., 1998; Hsu et al., 2001),
these two compounds may inhibit PGE, and NO produc-
tion by COX-2 and iINOS down-regulation through the
inhibition of these transcription factors. The ability of crypto-
tanshinone and 15,16-dihydrotanshinone | to inhibit NO
production is well coincided with the experimental results
reported by Choi et al. (2004). On the other hand, tans-
hinone | did not affect NO production. Tanshinone | only
inhibited COX-2-mediated PGE, production without COX-
2 down-regulating capacity. Tanshinone | may behave as
a phospholipase A; inhibitor as previously suggested (Kim
et al., 2002).

There is some controversy regarding the experimental
results reported by Jin et al. (2006) and the present results.
Jin et al. (2006) demonstrated that cryptotanshinone
inhibited COX-2-mediated PGE, production, and claimed
that cryptotanshinone did not affect COX-2 expression.
However, in the present study, cryptotanshinone clearly
down-regulated COX-2 and iINOS expression. Currently,

S. J. Jeon et al.

the precise reason for this discrepancy is not known. It is
speculated that these controversial results may be due, at
least in part, to the different cells and stimulants used. Jin
et al. (2006) used human U937 promonocytes stimulated
with LPS plus phorbolmyristate acetate (PMA). U937 cells
normally express COX-1, but they can be induced to ex-
press COX-2 by several agents, such as PMA. PMA acti-
vates protein kinase C (PKC) directly. Therefore, crypto-
tanshinone can affect mitogen-activated protein kinase
pathway involved in LPS signaling, as reported previously
(Suh et al., 2006), but may not affect PKC signaling
pathway.

Danshen is used frequently in Chinese medicine as an
anti-inflammatory and antiallergic agent. As major consti-
tuents, tanshinone derivatives were isolated and some of
their anti-inflammatory activities were previously described
(Kim et al., 2002; Jang et al., 2003; Choi et al., 2004; Jin
et al., 2006; Lee et al., 2006). From this investigation,
cryptotanshinone was found to be a down-regulator of
proinflammatory molecule expression, including COX-2
and iNOS. 15,16-dihydrotanshinone | was proved to down-
regulate COX-2 induction at noncytotoxic concentrations.
The electrophoretic mobility shift assay showed that
cryptotanshinone and 15,16-dihydrotanshinone | also inhi-
bited the activation of the transcription factors, such as
nuclear transcription factor-kB and activator protein-1. The
present study may provide additional scientific rationale
for the anti-inflammatory use of danshen in Chinese med-
icine. Especially, cryptotanshinone and 15,16-dihydrotans-
hinone | are important constituents.
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