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Abstract

Tanshinone I1A is a direrpene isolated from Salvia miltiorhiza root. Tanshinone 1A
exerts anti-inflammatory effects and influences electron transfer reaction in
mitochondria. In the present study, we demonstrated that tanshinone Il1A increased
intracellular production of reactive oxygen species (ROS), which in turn induces heme
oxygenase-1 (HO-1) expression in RAW 264.7 macrophages. Tanshinone 1A inhibited
COX-2 and iNOS expression in lipopolysaccharide-activated RAW 264.7 macrophages.
Inhibition of HO-1 or scavenging of CO significantly reversed the inhibition of LPS-
stimulated nitrite accumulation by tanshinone I1A, suggesting a novel role of HO-1 in
the anti-inflammatory effect of tanshinone l1A.

Keywords. Tanshinone IlA, Cyclooxygenase-2; Heme oxygenase-1.
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Induction of HO-1 by Tanshinone I1A leads to inhibition of LPS-induced iNOS and
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Danshen' has long been used as an anti-inflammatory agent in China. In the
present study, we provided evidence that tanshinones may induce HO-1 expression.
The induction of HO-1 expression was mediated through reactive oxygen species,
which lead to activation of Pl 3-K, and ERK signaling pathways in RAW 264.7
macrophages. In addition, we demonstrated that CO is the key molecule mediating the
anti-inflammatory effect of HO-1. We showed that scavenging of CO by hemoglobin
attenuated the inhibition of tanshinones on LPS-stimulated nitrite accumulation in RAW
264.7 macrophages.

Tanshinone I1A has been shown to mediate electron transfer reaction in rat heart
mitochondria (Zhou et a., 2003). Incubation of RAW 264.7 macrophages with
tanshinone dramatically increased intracellular ROS production measured by DCFDA, a
ROS-sensitive fluorescent probe. However, inhibition of ETC complexes did not affect
the tanshinone-induced HO-1 expression. Instead, increasing glutathione concentrations
by the glutathione precursor, |-N-acetyl-cysteine, inhibited HO-1 induction; and
decreasing glutathione by the gamma-glutamylcysteine synthetase inhibitor, [-N-
buthionine-[S,R]-sulfoximine, potentiates the tanshinone-induced HO-1 expression.
These data support the notion that tanshinones may increase HO-1 gene expression
through ROS production.

HO-1 gene is a prototypical phase Il enzyme. Transcriptiona activation of HO-1
gene requires binding of transcription factor to the antioxidant responsive elements
(ARES) in the promoter proximal region of HO-1 gene. The ARESs can be regulated, at

least in part, by the Nrf-2 protein. Given activation of Pl 3-K may increase the Nrf2



protein level in nuclear, activation of Pl 3-K /Akt signaling pathway may mediate HO-1
induction (Nguyen et al., 2003). Consistent with this finding, we found that tanshinone
increased Akt phosphorylation in RAW 264.7 macrophages, and inhibition of Pl 3-K
pathway by specific inhibitor blocked the tanshinone induced HO-1 expression. We
also showed that the ERK pathway may be involved. It is not unusual that multiple
signaling pathways may converge on HO-1 transcription to mediate their antioxidant
activities.

In conclusion, this study provides evidence for a novel role of tanshinone in the
regulation of HO-1 expression. Our results raise the possibility that the anti-
inflammatory effects of tanshinone are mediated by tanshinone-induced HO-1

expression.
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